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First Fringes with ANTU and MELIPAL
A. GLINDEMANN, P. BALLESTER, B. BAUVIR, E. BUGUEÑO, M. CANTZLER,S. CORREIA, F. DELPLANCKE, F. DERIE, P. DUHOUX, E. DI FOLCO, A. GENNAI,B. GILLI, P. GIORDANO, P. GITTON, S. GUISARD, N. HOUSEN, A. HUXLEY,P. KERVELLA, M. KIEKEBUSCH, B. KOEHLER, S. LÉVÊQUE, A. LONGINOTTI, A. LOPEZ,S. MÉNARDI, S. MOREL, F. PARESCE, T. PHAN DUC, A. RAMIREZ, A. RICHICHI,M. SCHÖLLER, J. SPYROMILIO, M. TARENGHI, A. WALLANDER, R. WILHELM,M. WITTKOWSKI1. Introduction                             ter control software was installed pro-          image quality that was well within speci-                                            viding the additional functionalities that       fications: the image size was limited only   On October 30, 2001 at about 1 a.m.,     are required to combine two UTs (see             by the seeing of 0.45 arcsec. There wasthe two 8-m Unit Telescopes ANTU and        article on page 2). With the support of          no indication that the 200-m light pathMELIPAL of Paranal Observatory were         NEVEC1, the data pipeline has matured            and the 28 reflections between the pri-combined for the first time as a stellar    considerably over the last six months,           mary 8-m mirror and the CCD affectedinterferometer observing fringes on the     and it now produces results for the vis-         the image quality.star Achernar (see Fig. 1), only seven      ibility, the transfermonths and twelve days after the VLTI       function and sta-produced the first fringes with two         tistical parameterssiderostats. This was the first time that   enabling on-linethe VLTI was operated as a truly Very       data quality con-Large Telescope Interferometer. The VLT     trol.project of designing, building, and oper-      At the begin-ating the VLT observatory and combin-       ning of October,ing the Unit Telescopes as an interfer-     the CCD in theometer, a project that kept most of ESO     VINCI test instru-and many in the ESO community busy          ment saw firstfor more than a decade, reached one of      light with the Unitits most important milestones.              Telescopes (see   As a preparation for this achieve-       Fig. 2) showing anment, the Coudé Optical Trains and theRelay Optics were integrated in the UnitTelescopes, the third Delay LineSystem (required for using MELIPAL)         1NEVEC   is the NOVAhad its final tests in July, and the beam   (the Netherlands Re-                                            search School for As-compressors were assembled in the           tronomy) – ESO VLTI       Figure 1: Raw interferometric fringes of Achernar in the K-band, asBeam Combination Laboratory of the          Expertise Centre at the   observed on the computer screen in the VLTI Control Room at theVLTI. A new version of the interferome-     Leiden Observatory.       moment of First Fringes.
                                                                                                                                       12. First Fringes   The night of October 29/30 startedwith tests of the Coudé Optical Trainsand the Relay Optics, converting thelight from the Coudé focus to a parallelbeam in the Delay Line Tunnel. For thehistory books it should be noted thatone of these mirrors (M9) arrived onlyon the very same night at Paranal, anda small dummy mirror with a diameterof 40 mm – albeit of very good opticalquality – on a temporary mount had tobe used for First Fringes.   Around midnight, when the UT teamfinished the tests and the search forfringes could start, not everybody onthe mountain would have bet howquickly the search was successful.Before actually seeing fringes with anew baseline, a number of assump-tions has to be taken on the internalpath lengths in each arm of the interfer-ometer and on the distance betweenthe telescopes. When distances be-tween individual mirrors can be mea-sured with very high precision (some 10                                            Figure 2: The radial plot of the first stellar image on a CCD at the VLTI focus collected withmicrons), the distance between the          the 8-m telescopes. After 28 reflections and 200 m of optical path inside the VLTI, the imagetelescopes, i.e. the baseline, is only      size of 0.45 arcsec was limited only by the seeing.known with a precision of some 10 mil-limetres. These uncertainties can becorrected after fringes are found on dif-      With the experience that we had               in VINCI has to be fed into an optical fibreferent stars, and the so-called OPD         gathered over the last six months of             with a diameter of 6.5 microns which is(Optical Path Difference) model of the      commissioning, ’routine operation’ with          the diameter of the diffraction limitedinterferometer is refined. Depending on     the 8-m telescopes started almost im-            Airy disk and, thus, a perfect match ifthe discrepancy between the assumed         mediately with a number of scientific            the telescopes produced diffraction lim-baseline and the real baseline, the first   observations: the first measurements of          ited images. Without adaptive optics,search for fringes can take several         the diameter of red dwarfs (Kapteyns             this optical fibre is merely fishing forhours since the scan for OPD zero po-       star, HD 217987 and HD36395), the                photons in the middle of the specklesition where fringes can be found has to    precise determination of the diameter            cloud with a diameter of about 0.6 arcsecbe done at speeds of about 1 mm per         of Cepheids (Beta Dor and Zeta Gem),             which is 10 times the diffraction limit.minute.                                     the so-called light houses of the uni-           The number of photons entering the   However, barely one hour after we        verse, and the first measurement of the          fibre is then about 100 times or 5 stel-had started, the automatic fringe           core of Eta Carinae (for details see the         lar magnitudes smaller than what couldsearch routine in VINCI reported ‘flecos    press release). A total of 17 different          be expected with adaptive optics.en el cielo’, and the fringes appeared      stars was observed during this observ-              We are now looking forward to im-on the screen. We found that the base-      ing run. The technical downtime was              proving the performance for the follow-line of 102.5 m between ANTU and            less than two hours per night.                   ing UT observing runs by implementingMELIPAL differed by only 28 mm from            The faintest star that could be ob-           the tip-tilt correction in the Coudé focitheir nominal length. After refinement of   served had a magnitude of K = 6.3, and           and by tuning the infrared camera read-the OPD model, fringes were subse-          this is all the more remarkable as the           out mode. The general planning for thequently found within 0.4 mm of their cal-   8-m telescopes were used without any             following years is described in Theculated position.                           adaptive optics correction. The star light       Messenger No. 104, p. 2 (June 2001).

The VLTI Data Flow System: From Observation
Preparation to Data ProcessingP. BALLESTER 1, P. KERVELLA 1, L.P. RASMUSSEN 2, A. RICHICHI 1, C. SABET 1,M. SCHÖLLER 1, R. WILHELM 1, B. WISEMAN 1, M. WITTKOWSKI 11European    Southern Observatory, Garching, Germany2ROVSING     A/S, Skovlunde, Denmark   In this article we present the Data      DFS was first installed for VLTI first           the VLTI commissioning. A recent VLTIFlow System (DFS) for the VLT Inter-        fringes utilising the siderostats together       achievement has been the first fringesferometer (VLTI) that is analogous with     with the VINCI instrument and is con-            with the Unit Telescopes (see article onthat of other telescopes of the VLT. The    stantly being upgraded in phase with             page 1). For this milestone the VLTI
2Figure 1: The VLTI Visibility Calculator (preliminary design). The VLTI Visibility Calculator will be an Internet application similar to the ESOExposure Time Calculators. The prototype is using the ASPRO/JMMC software as a calculation engine.
DFS was also present and operating.              preparation of an interferometric obser-         time that will be available for the obser-Observations of objects with some sci-           vation involves the following steps:             vation.entific interest are already being carried          • An assumption must be made con-                • Suitable calibrators must be select-out in the framework of the VLTI commis-         cerning the intensity distribution of the        ed for the science object. An interfero-sioning, making it possible to test tools        source. Usually this will be in the form         metric calibrator is a target of (sup-under realistic conditions. These tools          of a model with a uniform or limb-dark-          posedly) known properties that will givecomprise observation preparation, pipe-          ened disk, a Gaussian profile, a multiple        a reference value for the measuredline processing and further analysis sys-        system or any other shape that can be            visibility. Since the transfer function oftems. Work is in progress for the com-           analytically described or has been ob-           the interferometer varies with time, cali-missioning of other VLTI science in-             tained by techniques like radiation              brators and science objects must bestruments such as MIDI and AMBER.                transfer calculations. The final goal is         observed alternatively within the finiteThese are planned for the second half            then to constrain the object parameters          stroke of the delay lines.of 2002 and first half of 2003 respec-           by model fitting or image reconstruction.           • The visibility amplitude (i.e. thetively. The DFS will be especially useful           • The Fourier transform of the source         modulus of the Fourier transform) of thefor service observing. This is expected          intensity distribution that is the complex       target and calibrators can be estimatedto be an important mode of observation           visibility function, is calculated. A set of     as well as the required exposure times.for the VLTI, which is required to cope          spatial frequencies is identified which is       Note that in interferometry, it is not justwith numerous observation constraints            suitable to obtain the required informa-         the magnitude of the source that mat-and the need for observations spread             tion on the object. A configuration of the       ters, but also the product of the totalover extended periods of time.                   interferometer array is selected among           flux (in the resolution element) and                                                 the available ones that will make it pos-        the visibility1. For example, betweenPreparing VLTI Observations                      sible to sample the Fourier space in the         two sources of magnitude 1 and 2, and                                                 adequate domain of spatial frequencies.          with visibilities 0.1 and 0.5 respectively,   Preparing an interferometric obser-              • One must make sure that the target          the former will look “fainter” to an inter-vation involves successive stages,               is visible from the VLTI platform by all         ferometer than the latter.each with specific constraints. In order         telescopes involved in the observation,             • Once several series of targets andto assess the technical feasibility of an        taking into account possible shadowing           calibrators have been selected, theyinterferometric observation one needs            effects. Shadowing effects can beadequate tools to model the complete             caused for instance by the Unit Tele-               1Visibility is a measure of the contrast of the in-
interferometer behaviour and to take             scopes which obscure parts of the sky            terferometric fringes, as a function of the separa-                                                                                                  tion between the telescopes. (An unresolvedinto account for example shadowing ef-           as seen by the Auxiliary Telescopes.             source will have maximum fringe contrast: visibili-fects, or the range of the delay lines. A           • The optical path difference must be         ty will be 1. A completely resolved source will havetypical suite of actions involved in the         estimated, in order to evaluate the total        no fringes, and the visibility will be 0.)
                                                                                                                                                      3                                                                                                       strument se-tup and the target of the                                                                                                       observations are defined. An HTML                                                                                                       form is used to forward this information                                                                                                       to a model application, which then per-                                                                                                       forms the calculations and generates                                                                                                       the result page. The result page sum-                                                                                                       marises the input parameters and pre-                                                                                                       sents the results of the calculations,                                                                                                       such as detected number of electrons                                                                                                       of the object and sky, as well as various                                                                                                       other information. The main result is the                                                                                                       signal to noise for the observation, or                                                                                                       alternatively, the number of integrations                                                                                                       needed to achieve a specified signal to                                                                                                       noise. In interferometry the signal-to-                                                                                                       noise computations are significantly dif-                                                                                                       ferent from those required for a stan-                                                                                                       dard image or spectrum as done so far                                                                                                       in the ETCs. The VLTI instrumentsFigure 2: VLTI Data Flow System at Paranal.                                                            ETCs will be interfaced to the Visibility                                                                                                       Calculator.must be organised in a schedule of ob-         (Duvert & Berio, 2001) provided by theservations, where one will try to opti-        Jean-Marie Mariotti Centre (JMMC)                       VLTI Data Flow Systemmise the time spent in acquiring data          supported by INSU (CNRS and Minis-                      at Paranaltaking into account priorities and obser-      tère de la Recherche, France). The pro-vational constraints.                          totype is used to identify an efficient                    The hardware system handling the   As can be seen from the above list,         and user-friendly procedure for dealing                 VLTI data is similar to the system in-preparing an interferometric observa-          with the numerous interferometric ob-                   stalled at the Unit Telescopes (Ballestertion requires adequate tools that can          servation constraints. The user-inter-                  et al., 2001). Figure 2 shows the logicalhandle the geometrical configuration           face of the VLTI Visibility Calculator                  structure of the VLTI DFS system atof the array and target/calibrator posi-       uses the same technology as the ESO                     Paranal: the instrument data are trans-tions. Most observations in interferom-        Exposure Time Calculators (ETCs). It                    ferred from the instrument workstationetry will involve measurements for dif-        will therefore be an Internet tool like the             to the On-Line Archive System ma-ferent spatial frequencies and are likely      existing VLT ETCs.                                      chine, where they are kept on ato require different configurations and           An important feature of this Web-                    Redundant Array of Independent Disksspread over extended periods of time,          based prototype is that the user is pro-                (RAID) system. The Data Handlingseveral weeks or several months. It is         vided not only with a visibility map of                 Server takes care of distributing thetherefore expected that service observ-        the source under consideration, but also                data to the pipeline, off-line and archiveing will be a dominant mode at the             with the so-called u-v tracks for the cho-              workstations. Two machines are re-VLTI. The geometrical constraints on           sen VLTI configuration2. This enables                   served for archive operations. One isthe observation of the science and cal-        the user to see immediately which parts                 dedicated to the Sybase server, whereibrator targets and the limited observ-        of the visibility map can be studied and                critical information about the operationsability of the objects due to both the         thereby estimate the usefulness and                     is stored in various databases. The oth-range of delay lines and shadowing ef-         impact of such measurements.                            er Archive Storage (ASTO) machine isfects will make it necessary to assess                                                                 dedicated to media production, in par-the technical feasibility of observations      VLTI Exposure Time Calculators                          ticular CDs and DVDs. The pipelineat both stages of phase 1 and phase 2                                                                  workstation usually runs in automaticpreparation. During phase 1, general              Observation preparation tools have                   mode, receiving and processing thetools like the WEB-based visibility cal-       been provided for the VLT instruments                   data, displaying the results and trans-culator and exposure time calculators          in the form of Exposure Time Calcu-                     ferring the processed data to the off-will be provided. In phase 2, the details      lators accessible over the Internet                     line workstation. On the off-line work-of the observation can be validated            (http://www.eso.org/observing/etc). The                 station, interactive tools are availablemore accurately.                               system provides a uniform access to                     for reprocessing and analysing the data                                               the ETCs provided for the different VLT                 for the purpose of commissioning andVLTI Visibility Calculator                     instruments. Several solutions have                     scientific evaluation.                                               been designed to make it possible to ef-                   In the Data Flow system, the instru-   The VLTI Visibility Calculator is the       ficiently develop and maintain these ap-                ment parameters are grouped in high-tool used for such calculations. It com-       plications. For instance HTML tem-                      level structures called Templates andputes the fringe visibility as a function of   plates and dictionaries are used to gen-                Observation Blocks. Templates andthe object model parameters and the            erate the pages on the fly, a macro lan-                Observation Blocks are assembled witharray configuration. It takes into ac-         guage is used for prototyping and a data-               P2PP, the Phase 2 Proposal Prepara-count the horizon map of the observa-          base system is utilised to simplify the                 tion tool. This Java tool provides a uni-tory and shadowing effects induced by          adjustment of instrument characteristics.               form graphical user interface to all VLTtelescope domes and structures on the             The ETC interface consists of two                    and VLTI instruments. In visitor modeobservatory platform. It computes the          main pages, the input page and the re-                  the OBs are loaded using P2PP directlyoptical path length, the optical path dif-     sult page. On the input page, the in-                   at the VLTI. In service mode, the Obser-ference and takes into account the                                                                     vation Blocks are ingested in a reposi-range of the Delay Lines to estimate the          2u-v plane: also known as Fourier plane or           tory in Garching. The Template acti-period of observation for a given target.      Fourier space, is the counterpart (or inverse) of the   vates a standard operation mode of an   A prototype of the VLTI Visibility          image plane in which we measure separations in          instrument, for instance for the purpose                                               angles in arcseconds. The coordinates in the u-vCalculator is shown in Figure 1. The           plane are in metres and the points that are mea-                                                                                                       of internal calibration, observation of cali-current prototype uses as a computa-           sured are defined by the baseline vectors (the vec-     bration objects or scientific observations.tion engine the ASPRO software                 tors ‘between’ the telescopes of the interferometer).   Templates are grouped in Observation
4Blocks, which in the Data Flow corre-         ferometer 1, Interferometer 2, Photo-          and to calibrate the intensity recordedspond to an unbreakable unit of obser-        meter A and Photometer B measure-              on each interferometry output with re-vation. For the interferometry, a proto-      ments at a given time, also correspond-        spect to the two photometry signals.type template has been tested which in-       ing to a given Optical Path Difference         Once these preliminary calibrations aretegrates the acquisition and observa-         (OPD). A scan is a sequence of OPD             performed, it is possible to process thetion of science and calibrator targets.       variation; it typically lasts about 0.1 sec-   on-source signal. The on-source pho-This concept should make it possible to       ond with VINCI. Series of scans are            tometry signal is processed and filteredkeep track of related observations in         taken for different optical configura-         using information previously collectedthe archive and for pipeline processing.      tions: off-source scans, telescope A on-       by the off-source and mixed beam sig-   Interferometry data are stored in the      source only, telescope B on-source             nals. Finally the on-source interferome-form of binary tables. The header of the      only, and a longer sequence of inter-          try signal is processed to yield squareddata follows the ESO Data Interface           ferometric scans with both telescopes          coherence factors together with vari-Control guidelines and provides the           on-source. An exposure with VINCI              ance estimates. The processing in-FITS keywords necessary for the data          includes the set of 4 batches and all          volves corrections for the dark signalhandling, processing, archive retrieval       auxiliary information. Each exposure           and transfer matrix, and integrating theand proper documentation of the data.         produces a FITS file containing all the        power spectrum according to the spec-                                              information necessary to derive uncali-        tral filter.VINCI Pipeline                                brated visibilities.                              The calibration of visibilities of inter-and Data Quality Control                         The Quality Control (QC) system in-         ferometry data involves two stages.                                              cludes the tools used inside and out-          First the raw visibilities are estimated   VINCI (VLT INterferometer Commis-          side the pipeline environment in order         on both the science and calibrator data.sioning Instrument) is the beam com-          to control the conditions in which the data    This is the most computing intensivebiner instrument used to commission           have been acquired and processed, in           step, during which science and calibra-the Cerro Paranal VLTI complex (Ker-          particular the instrumental and obser-         tor data are processed in a similar way.vella et al., 2000). The latter is based      vational conditions. Quality control pa-       Second, the calibrator information ison the proven concept of FLUOR (Fibre         rameters are measured using the data           used to estimate the instrument trans-Linked Unit for Optical Recombination)        and then written to the log files. The QC      fer function. This transfer function isthat has been operated since 1995 as a        parameters have proven to be a very            then interpolated as a function of time.focal instrument of the IOTA interferom-      useful method for checking and track-          In interferometry a particular emphasiseter in Arizona. The instrument can re-       ing the health of instruments (Ballester       is placed on the statistical analysis ofceive the beams from the VLTI sidero-         et al., 2000). During the pipeline pro-        the data and the accurate estimation ofstats or from the Unit Telescopes ANTU        cessing the data quantities characteris-       the error bars. This second stage of cal-and MELIPAL. The Data Flow System             ing the performance of the instrument          ibration involves a limited amount ofto handle VINCI data and the VINCI            are measured. These values are writ-           data as it applies to time averagedpipeline were first installed for the VLTI    ten to operational log files. The log files    data. It may also require user interac-first fringes with the siderostats in         are produced on a daily basis and can          tion for the identification and rejectionMarch 2001 (Glindemann et al., 2001).         be used to produce automatic reports,          of calibration points. The calibrated vis-The system has been regularly up-             graphs and summary information. The            ibilities with error estimates can then begraded in particular with the extension       QC log files are used for diverse appli-       used to determine the science objectof the Data Quality Control facility, which   cations, for example to establish a cat-       parameters.writes a subset of the pipeline results       alogue of observed objects, to produce            The VINCI data reduction softwareinto an operational log-file.                 trend graphs of the interferometer             and pipeline is also an excellent exer-   The present VINCI pipeline performs        transfer function or to verify the quality     cise in preparation for the two scientificautomatically the first stage of process-     of the processing by checking the num-         instruments MIDI and AMBER. MIDIing and prepares FITS files containing        ber of scans rejected by the pipeline.         will be the first scientific instrument in-the raw visibilities and all the informa-                                                    stalled at the VLTI. It will cover the mid-tion required for model fitting. The pipe-    Data Reduction Software                        infrared range between 10 and 20 mi-line generates several data products.                                                        crons. It records spectrally dispersedFirst the photometry-corrected interfero-        The algorithm for the data process-         fringes and at 10 mm can reach a res-grams are delivered for the purpose           ing (Coudé du Foresto et al., 1997)            olution of the order of 20 milli-arc-sec-of commissioning analysis. This is de-        is illustrated in Figure 3. The off-source     ond. AMBER, which can combine up tolivered in ASCII form for further pro-        signal is recorded with both light chan-       three beams will be the first VLTI in-cessing. Second, the raw visibilities,        nels closed. This is processed to esti-        strument with some imaging capability.together with all the information re-         mate the noise power spectral density.         It delivers spectrally dispersed fringesquired for further astrophysical analysis     The mixed beam signals are recorded            covering the three near-infrared bandsare written in a FITS file.                   while the light passes through tele-           J, H and K. Three spectral resolutions   The pipeline receives the raw data         scope A only or telescope B only. They         of approximately 35, 1000 and 10,000frames from the On-Line Archive sys-          are used to establish the throughput of        are supported. By interfering threetem and classifies them in accordance         the interferometer for each beam               beams at once it will be possible to ob-with the specifications given in the pipe-    (transfer matrix) of the interferometer        tain images through phase closureline reduction rules. Conditions areevaluated on FITS keywords in order toclassify the data. This determines thereduction procedure applied to thedata. Before executing the procedure itmay be necessary to read additionalFITS keywords and to query auxiliarycalibration data and tables from thepipeline local calibration database. Areduction block is prepared and sent forexecution to a data reduction system.The VINCI measurement set consistsof 4 values. These include the Inter-         Figure 3: Main processing steps of the VINCI Data Reduction Software.
                                                                                                                                       5techniques eliminating the influence of           Commands are provided to perform                After achieving the first fringes fromatmospheric turbulence on the fringe           a second stage of calibration on the            the interferometer using the Unit Tele-position. The system can also be used          pipeline results. First the data are glued      scopes, the system is now used morein differential interferometry mode in or-     together and grouped by instrument              intensively for the verification of the sci-der to estimate the phase difference           modes. The calibration information can          ence performance of the system. Morebetween two spectral channels. Hand-           be tuned and the instrument transfer            targets are observed and the pipeline isling dispersed data and three-beam             function is evaluated on the calibrator         used to perform a preliminary calibra-combination will be among the new              and interpolated with time. Finally it is       tion of the visibilities.methods to be installed for the VLTI           possible to apply the calibration to sci-pipelines.                                     ence data and to model the intensity            Acknowledgements   The data rate for the first VLTI instru-    distribution of the source.ment VINCI is less than 1 gigabyte per                                                           Many thanks to Bill Cotton from thenight. The data rates will be higher for       Conclusion                                      National Radio Astronomy ObservatoryAMBER (0.7 MB/s) and MIDI (2.3                                                                 and Walter Jaffe from Leiden Obser-MB/s). For MIDI this translates into               In the first phase of system commis-        vatory for important contributions tomore than 40 gigabytes of data per night.      sioning, most of the calibration and            the data-reduction package, to GillesThe handling of such data volumes              analysis aims at characterising the per-        Duvert from Grenoble Observatory forbrings the current system to its limits, in    formance of the interferometer, using           helping with the VLTI visibility calculatorterms of overall throughput. For exam-         two siderostats of 40 cm diameter               using ASPRO.ple, the DVD production is limited by          separated by 16 m. For these tests, thethe media capacity and writing speed.          pipeline provides photometry-corrected          ReferencesFor this reason a new archive technol-         interferograms, uncalibrated visibilities,      Ballester, P., Chavan, A.M., Cotton, B., Cou-ogy, based on magnetic disks rather            and the QC parameters which are in-                dé du Foresto, V., Glindemann, A., Gui-than DVDs, is being evaluated and              strumental to the assessment of the                rao, C., Jaffe, W., Kervella, P., Longinotti,seems quite promising (Wicenec et al.,         system performance. After this first               A., Percheron, I., Peron, M., Phan Duc, T.,                                                                                                  Pirenne, B., Quinn, P.J., Richichi, A.,2001). The science VLTI instruments            stage of processing, data are trans-               Schöller, M. , Wicenec, A., Wilhelm, R.,like MIDI will set very high requirements      ferred from the off-line work-station to           Wittkowski, M., Zampieri, M., Data Flowin terms of pipeline computation speed.        the dedicated environments used for                System for the VLT Interferometer, SPIEPresently the VINCI pipeline can               the performance analysis of each in-               Vol. 4477, Paper No. 31, 2001.process data at about the same rate as         dependent subsystem of the VLTI. The            Ballester, P., Modigliani, A., Boitquin, O.,they are acquired. MIDI will require two       prototype tools for observation prepara-           Cristiani, S., Hanuschik, R., Kaufer, A.,                                                                                                  Wolf, S., The UVES Data Reduction Pipe-orders of magnitude in computation             tion can be tested for their usability in          line, The Messenger No. 101, p. 31, Sept.speed to perform this real-time data ac-       real conditions of observation.                    2000.quisition and processing. Solutions are            In particular the interferometer trans-     Coudé du Foresto, V., Ridgway, S., Mariotti,being investigated using large VINCI           fer function, environmental parameters             J.M., Deriving object visibilities from inter-data sets and MIDI simulated data.             such as the atmospheric piston noise or            ferograms obtained with a Fibre stellar in-                                               the level of tunnel internal seeing, opto-         terferometer, A&A Suppl. Vol. 121, pages                                                                                                  379–392, 1997.Off-Line Processing and Analysis               mechanical performance and sensitivi-           Duvert, G., Berio, P., ASPRO: A Software to                                               ty of the delay lines are being analysed.          PRepare Optical interferometry observa-   For the scientific analysis of data, dif-   A number of stars have been measured               tions, SF2A-2001: Semaine de l’Astro-ferent interactive tools are provided on       and a major criterion for stability could be       physique Française, in press.the off-line workstation, based on com-        verified: the equivalent point source con-      Glindemann, A., et al., Light at the end of the                                                                                                  tunnel – First fringes with the VLTI, Themercial data-analysis packages. The            trast, i.e. the interferometer transfer func-      Messenger No. 104, p. 2, June 2001.data can be browsed and organised by           tion, was measured to be 0.87 with sta-         Kervella, P., Coudé du Foresto, V., Glinde-Observation Blocks with the Gasgano            bility of about 1% over three days. This is        mann, A., Hofmann, R., The VLT INter-tool, which provides means of organis-         far better than the required 5% over five          ferometer Commissioning Instrument, ining large amounts of data, classify            hours. Other commissioning tests aim               Interferometry in Optical Astronomy, SPIEthem, view headers and call scripts on         at verifying that fringes are found on any         Vol. 4006, 2000.                                                                                               Wicenec, A., Knudstrup, J., Johnston, S.,selected files. Gasgano can be used as         bright star in the specified field of view         2001, ESO’s Next Generation Archivea front-end graphical interface to the         (60 degrees of zenith) or that low visi-           System, The Messenger No. 106, p. 11.data reduction software.                       bilities (down to 5%) can be measured.             Dec. 2001.

Volume Phase Holographic Gratings Made in Europe
S. HABRAKEN1, P.-A. BLANCHE1, P. LEMAIRE1, N. LEGROS1, H. DEKKER 2 and G. MONNET 21Centre   Spatial de Liège, Angleur (Belgium). Contact: shabraken@ulg.ac.be2European   Southern Observatory (Germany). Contact: hdekker@eso.org  This article is a shortened, combined        community with state-of-the-art, opera-         the central wavelength of the first orderand updated version of papers given at         tionally and optically efficient, versatile     spectrum is passed without deviation.the August 2001 SPIE conference on             and stable instruments. Grisms have             Grisms with groove densities of up toGratings in Astronomy (Monnet et al.,          proven to be devices with which our             600 g/mm have an optical efficiency in2001 and Habraken et al., 2001).               mission can be carried out exceedingly          the visible that is comparable to, or                                               well.                                           slightly better than, that of ruled gratings.1. Grisms at ESO                                  A grism is a surface-relief transmis-        Contrary to gratings, their zero deviation                                               sion grating that is applied to the hy-         wavelength is nearly invariant with re-   The mission of the ESO Instrumen-           potenuse face of a prism. The angle of          spect to slight orientation errors that maytation Division is to provide our user         the prism is chosen in such a way that          be caused by the insertion mechanism
6                                                                                                galaxies coalesced to form the giant                                                                                                ellipticals of today. The second one                                                                                                is more technical: roughly in the 630                                                                                                to 1,650 nm spectral range, strong                                                                                                emission lines dominate the night sky                                                                                                background emission. Higher R ~                                                                                                2,000–3,000 permit to detect spectra of                                                                                                very faint objects between these lines,                                                                                                which would have been swamped at                                                                                                smaller resolutions. Attempts to fill that                                                                                                niche with classical grisms have been                                                                                                unsuccessful, with peak transmissions                                                                                                at 50% or lower, a large enough loss                                                                                                to make our instruments non-com-                                                                                                petitive compared to systems based on                                                                                                reflective gratings which can easily                                                                                                reach such resolutions with good effi-                                                                                                ciency. This had led ESO to investigate                                                                                                Volume Phase Holographic Gratings                                                                                                (VPHGs).

                                                                                                2. VPHGs – the Present
                                                                                                   VPHGs imprint phase differences                                                                                                on the wavefront not by a surface                                                                                                relief, but by locally modulating theFigure 1: Peak efficiency τ of ESO gratings as a function of spectral resolution R for an 8-m   refractive index of a thin layer of atelescope, 1″ slit and a 100 mm grating. The superior efficiency of VPHGs at R ~ 2000–3000      medium like Dichromated Gelatinis evident.                                                                                     (DCG). This material has for a long time                                                                                                been used for such diverse applications                                                                                                as head-up displays in military aircraft,or by flexure. Important technical ad-                Of the 11 instruments, in various         optical beamsplitters, spectrally selec-vantages are also that the mechanics            states of construction or operation, that       tive reflectors for solar concentratorsare simple, straight-forward and that           were included in the set of first-gen-          and architectural applications (Stoja-grisms can be put quite close to the            eration VLT instruments, four Spectro-          noff et al. 1997). Only recently has thecamera entrance which helps to reduce           Imagers, FORS1 and 2, VIMOS andlens dimensions, vignetting and ab-             NIRMOS – covering the spectral rangesorption.                                       360–1650 nm – are Focal Reducers   ESO has been one of the first ob-            using grisms. The total projectedservatories to realise the advantages           number of grisms in these instrumentsof grisms in combination with Focal             is about 50, with sizes matched toReducer systems and CCD detectors.              beam diameters between 90 andIn the EFOSC (ESO Faint Object                  160 mm.Spectrograph and Camera) instrument                 The initial set of dispersers for thesethat was developed for the 3.6-m tele-          instruments was based on conven-scope (Enard and Delabre 1983), focal           tional grisms. For the modest spectralreducer optics reimage the telescope            resolutions sought at the time (at mostfocal plane to the CCD with the de-             R ~ 1,000 for a one-arcsecond slit) theymagnification required to match the             perform well with over 80% peak trans-pixel size to the seeing disk. By in-           mission and have relatively flat effi-serting a grism in the parallel beam            ciency curves with wavelength. In thebetween the collimator and the cam-             last years, however, the need for 2–3era, (and a corresponding slit in the           times higher spectral resolutions be-telescope focal plane) the instrument           came prominent. One reason is scien-is converted from an imager-pho-                tific, viz. the strong desire to study verytometer into a spectrograph. This al-           high redshift galaxies, presumably of           Figure 2: FORS2 He-Ne calibration spec-lowed our users to image a field and            relatively modest masses since they             trum with VPHG # 1028z (1028 l/mm blazedstudy the distribution and morphology           belong to a prior epoch before small            at 850 nm).of faint objects, to do photometry andthen to take low-resolution spectra ofindividual or multi-objects with thesame instrument and in some caseseven in the same night. In EMMI (ESOMulti-Mode Instrument, Dekker et al.1986), an instrument for the ESO NewTechnology Telescope which is in manyways a precursor of the VLT, the sameprinciples were applied. Instrumentsof the FOSC and MMI family that em-ploy these optical and operational con-         Figure 3: Spectrum of the dwarf galaxy FS27 (courtesy W. Zeilinger, Institut für Astronomiecepts are now in use at many observa-           der Universität Wien). Same grism, 0.5 hr integration, resolution 78 km s–1. The Ca II ab-tories.                                         sorption triplet near 850 nm is clearly resolved.                                                                                                                                         7technology been applied to produce            Figure 4: FORS2dispersing elements for astronomy             VPHG usage(Barden et al. 1998 and 2000). VPHGs          statistics during                                              semester allocationsare recorded holographically by inter-        from P65 (start Aprilference of laser beams; subsequent            2000) to P67 (startprocessing in water and alcohol baths         April 2001 and up toand baking results in a layer of the ma-      13 July 2001).terial with the desired index modulation.     Left bars: VPHG - %                                              of all FORS2 grisms.Because DCG is a hygroscopic organ-           Right bars: VPHG - %ic material, the developed VPHG must          of total FORS2 spec-be protected by a cemented cover              trographicplate.                                        observations.   VPHGs with an index modulation and         From 1 October 1999layer thickness that is well tuned to the     to 13 July 2001, total                                              spectroscopic shutterdesired operating wavelength in first or-     open time at FORS2der can have peak efficiencies in ex-         was 283 hours.cess of 90% at blaze. The blaze peakhowever is narrower than with surfacerelief gratings. This effect is less pro-     is fully dominated by intense night-sky         VPHGs – including 4 for ESO, 2 fornounced with larger index modulation          lines (Fig. 5). Cryogenic tests on vari-        Golem-Merate, 2 for the University ofand correspondingly thinner DCG.              ous VPHGs (KOSI, RALCON, CSL) are               Michigan – at a new facility in the vicin-VPHG efficiency does not decrease             being started by Golem-Merate.                  ity of the Centre Spatial de Liège (CSL)with increasing line density as is the           On a still longer time scale, in the         with significant financial help of the lo-case with classical grisms; hence they        framework of upgrading the FORS1 in-            cal Walloon government. This phaseare well suited to be used in existing        strument in the near-UV (320 to 400             will end by mid-2002. The near-termstraight-through focal reducer spectro-       nm), a high-line density, UV-efficient          goal is the creation of a commerciallygraphs to extend the range of spectral        VPHG would be required for the study            viable spin-off company.resolutions that can be accessed with         of tomographic maps of the Inter-good efficiency. (Fig. 1). Fortunately,       Galactic Medium from R ~ 3,000 ab-VPHG/prism combinations also share            sorption-line spectroscopy of faint             4. The CSL and its Spin-offthe rotation invariance property of clas-     background quasars. The development                Activitiessical surface relief grisms.                  of such a grating will be studied with   Since 1999, five 92 mm × 92 mm             CSL.                                               The Centre Spatial de Liège (CSL) isVPHGs from Kaiser Optical Science                Finally, for the 2nd-generation VLT          a group of 100 persons within theIncorporated (KOSI) have been mount-          instruments, to be developed and de-            University of Liège. Its R&D activitiesed and put in operation on the FORS2          ployed in the next 5–10 years, we may           are directed towards space instrumen-at the VLT. Peak efficiencies are ~ 88%       well base one or more instruments on            tation, optical metrology and testingas shown in the FORS User Manual              the articulated or butterfly spectrograph       (performance evaluation of the optical(Szeifert and Boenhardt, 2001) and to-        concept (Bernstein et al. 2001). This           payloads). To create favourable condi-gether they cover the 500 to 1,000 nm         approach would be especially useful for         tions for the emergence of technologi-range, with one arc second slit resolu-       a long-slit (possibly fed by an integral        cal innovations and commercial activi-tion between 1,000 and 2,700. Image           field image slicer) spectrograph for the        ties, the Walloon public authorities havequality is excellent (Fig. 2). Figure 3       study of the dynamics and abundances            set up two resources, as shown inshows an early result on a dwarf ellipti-     of the gaseous and stellar components           Figure 6.cal galaxy. User acceptance is excel-         of external galaxies, with typically R ~           Some of the CSL projects – mainlylent as shown by the healthy usage sta-       7,000–10,000.                                   space research based – are emergingtistics since our first offering in October      To satisfy these needs that exist at         with high economic potential. A spin-2000 (Fig. 4).                                ESO as well as within the astronomical          off company incubator, WALLONIA                                              community at large, the EGUNA Con-              SPACE LOGISTICS (WSL), was creat-                                              sortium (ESO, Golem-Merate, University          ed close to the University by the3. VPHGs – ESO’s Future Needs                 of Michigan, NOAO, AAO) has been set            Walloon Economy Ministry. WSL stud-                                              up. The short-term aim is to fund best-         ies each project resulting from space   ESO’s current need is to get VPHGs         effort production of a batch of 10 large        research, and decides whether orsubstantially larger than the present 92mm × 92 mm KOSI limit.   The VIMOS instrument, a 4-channelVisible spectro-imager, essentially tobe used for massive redshift surveys ofdistant galaxies, has five different reso-lution/central wavelength settings andso it has twenty 150 mm × 150 mmgrisms on-board. Twelve of these havebean earmarked for possible replace-ment by VPHGs.   Looking somewhat further ahead, wesee the NIRMOS instrument, a near-infrared clone of VIMOS, which incor-porates a –32 ºC cooled optical box to        Upper left: R = 3000 ISAAC long-slit H-                                              band spectrum of a z 2.44 galaxy, domi-increase efficiency in the H band,            nated by strong airglow OH lines. Upper                                                                                           MRC 0406-244above 1550 nm. Higher resolution              right: spectrum after OH line subtraction.grisms are mandatory since in the             Lower right: trace of the galaxy spectrum.whole wavelength range (1000 to 1650nm) of the instrument the background          Figure 5: Demonstrating the need for higher resolution in the NIR
8                                              Figure 7: Simplified view of the holographic recording set-up. The laser is mounted below the                                              optical bench.

Figure 6: Diagram of resources available at
                                              6. New VPHG Facility:                           etry is shown in Figure 7. Two off-the CSL research centre to spin-off com-panies                                           Funding and Construction                     axis parabolic mirrors (38 cm dia-                                                                                              meter) collimate the beams. To ad-                                                 Following initial discussions with the       just the illumination angle, two flatnot to support commercialisation, i.e.        five members of the EGUNA consor-               mirrors fold the beams. Thus, the fringethe creation of a spin-off company.           tium, CSL decided to investigate the            frequency can be changed continuous-During the incubator phase, the WSL           production of (at least) 30 cm diameter         ly from 300 l/mm up to 3000 l/mm.supports and finances the basic needs         VPH gratings. Total funding amounts to          Higher frequency could be recordedof the baby spin-off (management, ac-         642 kEuro of which 81% is contributed           with a minor change in the optical set-counting, secretarial support and             by the Walloon Government and 19%               up.equipment).                                   by the consortium. The definition and              Laboratory facilities for gelatin devel-                                              procurement activities started in No-           opment have been set up with large                                              vember 2000.                                    regulated baths and a forced convec-5. CSL Background in                             A new DCG coating facility has               tion oven to dry the final grating before   Holography                                 been subcontracted, built and delivered         encapsulation.                                              that can apply DCG layers with thick-              These three laboratories, i.e. coating,   CSL and the University of Liège have       ness values ranging from 5 to 25 µm             exposure, and development, togetherbeen involved in holography R&D pro-          with high uniformity (local deviation           cover 100 m2. They are equipped withgrammes for 20 years. Interferometry,         lower than 1 µm PV) over the 40 × 40            air conditioning which regulates tem-recording materials, and optical ele-         cm area.                                        perature, hygrometry and cleanlinessments have been extensively studied.             The holographic recording of plane           up to class 10,000. Laminar flowDichromated Gelatin (DCG) is recog-           gratings requires a set-up with two in-         benches provide local filtering up tonised world-wide as the holographic           terfering collimated laser beams. Re-           class 100 in sensitive areas, utilisingmaterial with the highest diffraction effi-   cording is performed on a 1.5 m × 5 m           the technical know-how of CSL inciency thanks to its capability to record     optical bench, using an argon laser             space optical payload qualification. Thethe highest refractive index modula-          delivering 4.8 watts (single line at            hardware deliveries were almost com-tion. The authors started to investi-         488 nm TEM 00). The set-up geom-                pleted by October 2001.gate that material in 1990 (Habraken etal. 1991) in the field of holographicoptical elements. Very efficient reflec-tion and transmission holographic grat-ings were recorded (Habraken et al.1995 (1)).   Work was also conducted in the fieldof surface-relief gratings by recordingon a photoresist material (Habraken etal. 1995 (2)). Polariser gratings (Habra-ken et al. 1995 (1–3)) and master grat-ings for embossed holography are re-alised in small size.   The theoretical background of CSLincludes the implementation of the Rig-orous Coupled-Wave Analysis (RCWA,Gaylord et al. 1983) code since 1994.This powerful tool is very flexible tomodel the performance of specific grat-ings.   This background experience of CSLwas seen as a realistic starting pointfor a commercial activity in diffractiongratings. For that reason, the WalloonResearch Ministry decided to fund this                                              Figure 8: First-order unpolarised intrinsic diffraction efficiency of a 1000 l/mm VPHG sampleproject. Our major threshold toward                                              manufactured at CSL. By tilting a VPHG, the efficiency at a given wavelength can be opti-the market of Volume Phase Holo-              mised; the resulting envelope is called the Super Blaze.graphic Gratings (VPHG) was certainly         Measurements were made at Golem-Brera, assuming 8% surface losses. Actual losses arethe size and the quality criterion that is    higher by 3–5%, so peak efficiency will approach 98 %. Theoretical fits based on RCWA as-required.                                     suming grating thickness = 9 µm and ∆n = 0.0325.                                                                                                                                         97. Sample Grating Performance                                      Index modulation ∆n             Inquiries for future new deliveries   The initial survey among the mem-                                                               should be directed to                                                   Film           Measured          Target         shabraken@ulg.ac.bebers of the Consortium indicated that           Thickness                           (2002)the CSL should address a wavelengthrange of 400–1500 nm and a line fre-              15 µm              0.030          >0.035quency of 300–3000 l/mm or even                                                                                                  9. Conclusions and Summary                                                  10 µm              0.035          >0.040more. High efficiency over a wide spec-            7 µm              0.040          >0.045           For upgrading of existing ESO in-tral range is required. With volume                                                                                                  struments, as well as for 2nd-genera-phase gratings, this requires a thin                                                                                                  tion VLT instruments, VPH gratingslayer with the highest possible refrac-         With the above set of parameters,                                                                                                  offer significant advantages over con-tive index modulation.                       the range of possible blaze wave-                                                                                                  ventional grisms and reflection gratings   In parallel to hardware definition and    lengths is 570 nm (and below) to 950                                                                                                  in terms of efficiency and spectral reso-procurement, tests have been per-            nm. Production of VPHG blazed up to                                                                                                  lution.formed on small samples to tune the          1500 nm is possible, but would have to                                                                                                     The infrastructure necessary toprocess of recording and development         be validated on thicker layers.                                                                                                  achieve a high quality level in largeof DCG. Preliminary results are pre-            Accurate spectral measurements                                                                                                  VPHG manufacturing has been imple-sented below that show potential for         have been performed by Golem at                                                                                                  mented at CSL; process tuning and op-further improvement.                         Brera Observatory. Figure 8 presents                                                                                                  timisation shows promising results.   DCG offers numerous degrees of            the performance of a 1000 l/mm grat-                                                                                                     With the demonstration of good per-freedom. The major parameters are re-        ing. The physical gelatin thickness is                                                                                                  formance in VPH grating sizes up to 30lated to the chemical composition, the       10.5 µm but the theoretical fitting of the                                                                                                  cm diameter, CSL expects to quicklyexposure energy, and the development         super blaze is consistent with a grating                                                                                                  generate a commercial interest.process. The gelatin thickness must be       thickness after development of 9 µm                                                                                                     After the present R&D phase thatadapted to the useful wavelength. The        and an index modulation of 0.03251.                                                                                                  will end mid-2002, the technologicaleasiest theoretical understanding is            These results demonstrate the prog-                                                                                                  knowledge will be transferred to a newgiven by the following relation (Kogelnik    ress made by CSL to convince the sci-                                                                                                  commercial company with core busi-1969):                                       entific community, represented by the                                                                                                  ness in the field of holographic optical                                             EGUNA consortium, of our capabilities.                                                                                                  elements, including gratings.                                             Very high diffraction efficiency has been                       π∆nd           η = Sin2                          reached even in the near IR.                                                                                                  10. Acknowledgements                      λCosθ                     Figure 9 is a picture of several small                                             gratings diffracting the Ar laser beamwhere                                                                                                The work at CSL is supported by the                                             (514.5 nm). The high efficiency is evi-                                                                                                  Walloon Government under the con-                                             dent when the zero-order transmittedη is the diffraction efficiency (1st-order                                                        tract RW no. 14559 and by the EGUNA                                             beam is vanishing: all the incidentTE-polarisation),                                                                                 consortium under the ESO contract                                             energy is transferred to the 1st-orderλ is the central wavelength in air,                                                               63104. The measurements presented                                             diffracted beam.θ is the internal angle of incidence,                                                             in Figure 8 have been performed at∆n is the index modulation,                                                                       Golem-Brera. Special thanks to E.d is the grating thickness.                  8. Next Phases and Schedule                          Molinari.
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Abstract

   Early in July 2001 ESO/DMD installed
prototype versions of the archiving andbuffering units of the Next GenerationArchive System (NGAS) at the 2.2-mtelescope in La Silla. The two units arethe on-site part of an archive system weare currently testing for high data rate/        Figure 1.high data volume instruments like theWide Field Imager which is mounted at            tional environment. We also present the         2. Requirementsthe 2.2-m telescope. The NGAS con-               infrastructure of the main archive whichcept is built around two ideas: the use of       supports scalable, decentralised pro-              A new archiving system must resem-cheap magnetic ATA-100 disks as the              cessing, both of which are essential for        ble the current costs and operationalarchiving media and a highly flexible and        large-scale scientific programmes sub-          scheme as closely as possible. For themodular software called NG/AMS, NG               mitted to a Virtual Observatory.                costs it is clear that one has to accountArchive Management System. The main                                                              for the pure hardware costs, the opera-goals of the whole system are scala-             1. Introduction                                 tional costs and the maintenance costs.bility in terms of data volume, but also                                                         The hardware includes the costs for thethe ability to support bulk data process-              With the advent of wide-field mosaic-     consumable media, readers, writers (ifing either by fast data retrieval or by            ing CCD cameras, the data rate of sev-        any) and computers. Apart from scala-opening the computing power of the ar-             eral observatories around the world is        bility in terms of data volume andchive for data-reduction close to the data         literally exploding. While some of these      throughput at the observatory, a Nextthemselves. In fact the NGAS scales in             instruments are already in use (e.g.          Generation Archive System has to fulfilsuch a way that it is possible to process          WFI@2p2; CFHT 12k; SLOAN) other,              a number of basic additional require-all the data in the archive within an al-          even bigger ones, are under construc-         ments in order to be able to cope withmost constant time. In this article we             tion or planned (Omegacam, Mega-              future challenges:present an overview of the NGAS con-               cam, VISTA). The current archive sys-            • Homogeneous front-end (archivingcept, the NGAS prototype implemen-                 tem at ESO consists of DVDRs which            at observatory) and back-end (sciencetation and some of the experience we               are written in two copies at the obser-       archive) designhave made during the first month of                vatory sites. One of the copies is sent          • Access to archive shall be scalable,operating the system in a real observa-            to the ESO headquarters in Garching to        i.e. the number of entries and volume of                                                                      be inserted into a         data shall not affect the access time to                                                                      DVD jukebox. In this       single data sets                                                                      way the data are qua-         • Support bulk data processing mainly                                                                      si on-line in a juke-box   for the quality control process, but hav-                                                                      about 10 days (mean)       ing Virtual Observatory projects in mind                                                                      after the observations        • Processing capabilities shall scale                                                                      have been carried out.     along with archived data volume, i.e. it                                                                      Given the current set-     should be possible to process all data                                                                      up of the system, it is    contained in the archive                                                                      possible to archive up        • Economic solution using commodi-                                                                      to about 15 to 20 GB       ty parts to reduce overall costs                                                                      per night. The data           The main goal of the first point is to                                                                      rate coming from the       limit maintenance costs, operational                                                                      ESO Wide Field Im-         overheads and the time-to-archive.                                                                      ager (WFI@2p2) easi-       Time-to-archive is the total time the                                                                      ly hits this limit in a    complete system needs until data is                                                                      typical night and is a     on-line and retrievable (disregarding                                                                      lot higher for excep-      access restrictions) from the science                                                                      tional programmes          archive. The support for bulk data pro-                                                                      (up to 55 GB/night).       cessing is mainly driven by the fact that                                                                      The expected data          ESO is already now processing about                                                                      rates of Omegacam          50% to 75% of all data, in order to en-                                                                      and VISTA are 4 times      sure the data quality for service mode                                                                      and 8 times higher         programmes, monitor the telescope/in-                                                                      than the one from          strument parameters and provide mas-                                                                      WFI@2p2, respec-           ter calibrations frames for the calibra-                                                                      tively. In order to be     tion data base. With the very high data                                                                      able to cope with such     rate instruments the demands for pro-                                                                      data rates, ESO initi-     cessing and storage capabilities for                                                                      ated a project (Next       quality control will grow tremendously.                                                                      Generation ArchiveFigure 2: This figure shows three of the NGAS units mounted in        System Technologies,       3. ESO’s Prototype Solutiona rack. They are fully equipped with eight disks each, giving a to-   NGAST) to come uptal of 1.65 terabyte of on-line storage capacity with three proces-   with alternative ar-         For the implementation of the proto-sors running at 1.2 GHz each.                                         chive solutions.           type units we chose a particular hard-                                                                                                                                       11                                      DM/GB for the largest disk bought that year  100000                                                                                                               Optical                                                                                                               Mag disks     10000
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Figure 3: This graph shows the price per gigabyte for the biggest disk bought by ESO during the year indicated on the x-axis. Most of thedisks are SCSI disks; only during the last two years also IDE disks have been included in the graph.
ware and software configuration and              cluster for processing and data man-             growing number of PCs have to be ad-made some implementation decisions.              agement. In this way CPU power is                dressed as well.                                                 scaled up together with the data, and3.1 Hardware configuration                       processing of all the data in the archive        5. Milestones and Performance                                                 for the first time becomes feasible. The  The main hardware implementation               time needed to process all the data in              The front-end (archiving) systemdecisions include the following points:          an NGAS archive can be kept almost               consisting of two NGAS units was in-  • Magnetic disks with ATA-100 inter-           constant as long as the data-to-CPU ra-          stalled at the 2.2-m telescope begin-face in JBOD configuration                       tion is kept constant. In fact, we are           ning of July 2001. Since then, this pro-  • Standard PC components, like                 planning to control all the data holding         totype installation is archiving data frommainboard and network card                       in the NGAS archive permanently by               the ESO Wide Field Imager (WFI). In  • 19 inch rack-mount case with re-             performing CRC checks on a file-by-              short, the milestones and performancedundant power supply and 8 slots to              file level. The NG/AMS is prepared               numbers of this non-optimised proto-host the data disks                              to support large-scale processing in             type look like the following:  • Removable hard disk trays                    the archive by distributing tasks to the            • NGAS unit prototype installation on(hot-swappable)                                  nodes where the data resides. The                La Silla: July 3 to 13, 2001  • Eight port SCSI to ATA-66 PCI card           same software with a slightly different             • Start of operations on La Silla: July(3ware Escalade 6800)                            configuration is used to control the             7, 2001                                                 archiving process at the telescope as               • First terabyte of data controlled by3.2 Software configuration                       well as the main archive at ESO head-            NGAS: September 18, 2001                                                 quarters in Germany. As soon as a new               • Installation of first two NGAS units  The main software implementation               magnetic disk is formatted and regis-            for the main archive (NCUs) in ESOdecisions include the following points:          tered in the NGAS data base the loca-            HQ: September 25, 2001  • Linux as the operating system                tion and contents of it is always trace-            • Commissioning and acceptance of  • Next Generation Archive Manage-              able. Archiving is done in quasi real-           front-end NGAS on La Silla: Decemberment System (NG/AMS) server soft-                time and the data are immediately                2001ware written in Python                           accessible through the standard ar-                 • Commissioning and acceptance of  • Multi-threaded HTTP server imple-            chive interface. In principle it is possible     back-end NGAS in ESO HQ: Februarymentation                                        to retrieve frames right after they have         2002  • URL-based command interface to               been observed, but for security and                 The prototype front-end NGAS is notthe NG/AMS server                                data permission reasons there is a very          yet fully optimised for performance, but  • Plug-in architecture to provide              restricted, fire-wall protected access to        the time-to-archive was always shortermethods for different data types and             the archiving units on the observatory           than the production time of frames byprocessing capabilities                          sites. In addition to fire-wall security         the instrument. The data flow from WFI  • XML-based configuration and mes-             NG/AMS is configurable to either deny            between July and September 2001 wassage passing                                     or grant permission to retrieve archived         13.7 GB/night (median) with a maxi-                                                 frames.                                          mum of 53.8 GB in a single night. The4. NGAS Archive Layout                               The ESO Science Archive Facility im-         overall throughput of the archiving                                                 poses some additional requirements for           process during the same period was   Magnetic disks are consumables in             the back-end implementation of NGAS.             3.17 MB/second, including compres-NGAS and for every eight disks a PC              These include seamless integration in            sion and replication of the files. Thewill be added to host those disks and            the current archive query and request            hardware used in the NGAS units pro-bring them on-line in the archive. Right         handling system. NGAS has to support             vides very fast write access to all thenow we have two operational central              fast retrieval of single files, lists of files   eight data disks in parallel, summing upunits (NCUs, NGAS Central Unit) in               and files belonging to a specific pro-           to about 100 MB/second (measured),Garching with 12 completed disks                 gramme, to name a few retrieval sce-             thus there is plenty of room for im-mounted. Since each NCU is capable               narios. Moreover, retrieval of FITS              provement of the overall system per-of hosting 8 disks, we have to add an-           headers only, production of previews             formance.other NCU end of this year. Each of the          and archiving of master calibrationNCUs is running a NG/AMS server and              frames has to be supported by the main           6. Overall Costsevery eight NCUs together with a mas-            archive part of NGAS. The operational,ter unit (NMU, NGAS Master Unit) and             maintenance, power consumption and                The overall hardware costs of thea network switch will form a Beowulf             physical volume aspects of an ever               NGAS have been carefully calculated.
12                                                                                            from the one currently used, an imple- Media                         DM/GB in Juke Box          Number of Media/Terabyte                                                                                            mentation for other ESO telescopes/                                                                                            instruments will still take some time. CD-R                                  70.3                       1625.4                    While the prototype system on La Silla DVD-R (3.95 GB)                       16.0                        276.8                    will go operational end of this year, other DVD-R(4.7 GB)                         11.6                        227.6                    installations on La Silla and Paranal are DVD-RAM (2 × 4.7 GB)                  10.8                        113.8                    not required, because the DVD system MO                                    36.8                        204.8                    is able to deal with the data rate of the SCSI disk farm                         8.8                          5.7                    currently installed instruments. We are Sony 12″ Optical Disk                215.7                        160.0                    planning to use NGAS first for very high RAIDZone NAS                          17.7                         14.2                    data rate instruments like Omegacam                                                                                            which will be operated on the VLT Sur- NGAS                                   8.7                         14.3                                                                                            vey Telescope beginning in 2003. MIDI                                                                                            (VLTI) is another candidate for a NGASTable 1: Comparison between different media in terms of price/GB of storage and number of   installation. NGAS will certainly be eval-media/Terabyte. The SCSI price is remarkably low, because of one of the new 180 GB disks                                                                                            uated as one of the building blocks ofwe bought recently under exceptionally good conditions. This kind of comparison is one ofthe planning tools for the medium term planning of archive media.                           the Astrophysical Virtual Observatory in                                                                                            the area of scalable archive technolo-                                                                                            gies and it also is already evaluated inCompared to other on-line or quasi            compared with the DVD system used             the framework of the ALMA archive.on-line random-access data-storage            for the VLT, the data are only on-linesolutions it is the cheapest solution,        when they arrive at ESO HQ about 10                                                                                            References andproviding at the same time very low op-       days after the observations; with the                                                                                            Acknowledgementserational costs and very few storage          tapes the delay is much longer. Formedia. Moreover, it is the only solution      very high data volume instruments the           Most up-to-date information can be foundproviding enough computing power to           number of media/Terabyte becomes a            under http://archive.eso.org/NGASTprocess all archived data with no addi-       critical parameter, for the production,         ESO Wide Field Imager:tional costs. Especially the operational      management and handling.                      http://www.ls.eso.org/lasilla/Telescope/overhead in terms of manual operation                                                       2p2T/E2p2M/WFIdrops quite dramatically in the case of       7. Future of NGAS                               AVO: http://www.eso.org/projects/avothe ESO WFI, from about 2 hours/day                                                           ALMA: http://www.eso.org/projects/almawith the currently used tape procedure          NGAS has proven to be a reliable               We would like to thank especially theto 20 minutes/week. The time-to-              and fast system. Since NGAS is an             2.2-m telescope team, the La Silla Archivearchive is also substantially lower (of       operational model on top of a hard-           team and Flavio Gutierrez for their on-goingthe order of seconds), because even           ware/software system, quite different         support.

News from the 2p2 Team
Personnel Movements
   In September we welcomed new
team member Linda Schmidtobreickfrom Germany. Linda is a new ESOFellow and will be working primarilywith the 2.2-m. Before joining ESO,Linda held a two-year postdoctoralposition at Padova, Italy. Her researchinterests include stellar populations,cataclysmic variables and the structureof our Galaxy.   September also saw us farewellHeath Jones from his La Silla duties.Heath will complete the 3rd year of hisESO fellowship at Cerro Calan.WFI Images

   As a Christmas present from the 2p2
team, we have included here colour im-ages of the Dumbbell and Triffid plane-tary nebulae. These were created fromonly one of the chips of the Wide Fieldmosaic by team member EmmanuelGalliano. The separate B, V and R im-ages used to make the pictures weretaken under average seeing conditionson June 11/12, 2001.
Figure 1: The Dumbbell nebula from 10 min-
utes B, V and R images.                                                                                                                                    13     Figure 2: The Triffid nebula from 1-minute B, V and R images.
14                  REPORTS FROM OBSERVERS    Chilean Astronomy is enjoying a rapid development due to increased funding and access to large telescopes.    Several current projects at different institutes in Chile will be presented in forthcoming issues of The Messenger. The following article is the first in the series.    A panorama of Chilean Astronomy will be presented in the next issue by Professor Leonardo Bronfman, President of the recently founded Sociedad Chilena de Astronomía.

Research in Concepción on Globular Cluster
Systems and Galaxy Formation,and the Extragalactic Distance ScaleW. GIEREN, D. GEISLER, T. RICHTLER, G. PIETRZYNSKI, B. DIRSCH,Universidad de Concepción, Departamento de Física, Grupo de Astronomía,Concepción, Chile1. Introduction                            with globular clusters. About a year        uncertainty on the Hubble constant                                           ago, CONICYT (the national science          than we would hope for, after almost a   The Astronomy Group at the Universi-    funding agency) approved financing of       century of hard work on this excitingdad de Concepción is one of the young-     a 5-year research project for our group     and fundamental problem. The current-est astronomical research groups in        which seeks to increase the scientific      ly weakest link in the whole process ofChile. It was formed only six years ago    interaction and scope, and strengthen       setting up the distance scale is our lim-and has grown steadily since. Current-     the links between these areas. It is the    ited capability to measure truly accu-ly, members of the Astronomy Group         purpose of this article to give the read-   rate distances to nearby galaxies whichinclude four staff and four postdoctoral   er an impression of what we have been       provide the zero point calibration for thefellows. About a year ago, the Physics     doing so far, and what our scientific       extragalactic distance scale. Our diffi-Department created a PhD pro-              goals are for the near future.              culties in determining absolute dis-gramme, with astrophysics being one                                                    tances to nearby galaxies are best re-of the strongest groups in this pro-       2. Research toward                          flected by the current dispersion of thegramme. We are currently educating            Improvements in the Distance             distance values derived for the LMC,our first PhD students. Next year our         Scale                                    the nearest (excluding Sgr) andDepartment will initiate an undergradu-                                                best-observed galaxy. According toate degree programme in astrophysics.         Cepheid variables are generally con-     Gibson (2000), current values for theWe expect that our staff and science       sidered as the best-understood and best-    LMC distance modulus obtained withactivities, as well as the number of un-   calibrated primary standard candles,        Cepheids, and a variety of other tech-dergraduate and PhD students in astro-     and as such they have been widely used      niques, range between 18.2 and 18.8,physics at the Universidad de Concep-      to determine distances to galaxies in       corresponding to an embarrassing 30ción, will be boosted in coming years by   reach of the Cepheid method (out to         per cent difference in distance betweenthe recent creation of a FONDAP Insti-     about 20 Mpc, at HST resolution). There     the extreme values. It is thereforetute which is shared by the three major    are, however, still a number of impor-      mandatory to investigate, in much moreChilean Astronomy Groups, at the Uni-      tant systematic uncertainties affecting     detail, the true capabilities and system-versidad de Chile, Universidad Católica    both Cepheid variables and other sec-       atics of the various techniques used to(both in Santiago), and at Concepción.     ondary methods of distance measure-         measure the distances to nearby galax-   Two of our major current research       ment which have so far prevented a tru-     ies. Only when these are fully under-areas deal with the distance scale and     ly accurate calibration of the extra-       stood, the techniques properly calibrat-                                                                  galactic distance    ed, with their dependence on environ-                                                                  scale. The astro-    mental properties of the host galaxies                                                                  physical conse-      (metallicity, age of stellar populations)                                                                  quences of such      taken into account, and agreement on                                                                  a limitation in-     the distances of a number of galaxies                                                                  clude a larger       with a range of environmental proper-                                                                                       ties has been achieved from the vari-                                                                                       ous methods, can we trust that the cal-                                                                  Figure 1: B light-   ibration of the local distance scale has                                                                  curve of a typical   finally been achieved with the required                                                                  Cepheid in NGC       accuracy of a few per cent. In this                                                                  300. The data        process, we will also learn to distin-                                                                  were obtained                                                                  with the ESO-MPA                                                                                       guish the most accurate standard can-                                                                  2.2-m telescope      dles (those with the smallest intrinsic                                                                  and Wide Field       dispersions for distance measurement)                                                                  Imager.              from those less useful for distance de-
                                                                                                                              15Figure 2: The Sculptor Group galaxy NGC 300, with Cepheids discovered by Pietrzynski et al. (2002) overplotted. Red and yellow points cor-respond to positions of Cepheids with periods smaller and larger than 15 days, respectively. North is up and east is to the left. The field ofview is about 30 × 30 arcmin.
termination. As an added benefit, we            during the pulsation cycle, is used to           magnitude more accurate than thosewill significantly improve our knowledge        determine its angular diameter varia-            oblained from optical colours, mostlyof many astrophysical properties of the         tion through the cycle. This information         due to two factors: first, the effect of theobject classes used for distance deter-         is combined with a knowledge of the              effective temperature variation of amination.                                       variation of its linear diameter which is        Cepheid is greatly reduced, at IR wave-                                                derived from an integration of its ob-           lengths, compared to its effect on the2.1. An improved Cepheid                        served radial velocity curve. A linear re-       visual light curve; and secondly, gravity     distance to the LMC                        gression of pairs of angular and linear          and microturbulence variations in the                                                diameters measured at the same phas-             pulsating atmosphere of a Cepheid,   One of the very promising techniques         es yield the distance, and the mean ra-          which produce important effects on op-to derive a truly accurate distance to          dius of a Cepheid. While the principle of        tical colours, have a negligible influ-the LMC (and other nearby spiral and            this technique has been known for a              ence on infrared colours, which areirregular galaxies) is the infrared sur-        long time, its usefulness for distance           therefore much better tracers of theface brightness (IRSB) method for               determination has recently improved              Cepheid surface brightness (Laney &Cepheid variables introduced by Fou-            dramatically, due to application of the          Stobie 1995). Gieren, Fouqué & Gó-qué & Gieren (1997). It is a Baade-             method at infrared wavelengths, first in-        mez (1997; GFG97) have shown thatWesselink type technique in which a             troduced by Welch (1994). Angular dia-           the Fouqué & Gieren (1997) calibrationCepheid’s varying surface brightness,           meters calculated from near-infrared             of the technique is able to provide dis-as determined from its colour variation         colours like V-K are almost an order of          tances to individual Cepheids accurate
16Figure 3: Model fits, corresponding to metal abundances of 0.2, 0.5 and 1.0 solar (red, blue and green curves, respectively), to the spectrumof the B9-A0 supergiant A-8 in NGC 300 (thick black curve). The spectrum was obtained with VLT and FORS1. The metal abundance of thisstar is about 0.2 solar.
to 4 per cent if the data used in the           ters: NGC 1866, NGC 2031 and NGC                determined the LMC distance with a re-analysis are of the highest precision.          2136/37. First results have been pub-           maining uncertainty not exceeding 5One of the important strengths of the           lished on the Cepheid variable HV               per cent, which would be a giant stepIRSB technique is its very low sensitiv-        12198 in NGC 1866, which is the                 towards fixing the zero point of the dis-ity to both reddening and metallicity           Cepheid “record holder”, containing             tance scale. Even further improvement(GFG97). Also, it is a direct technique         more than 20 Cepheids. For this one             can be expected once we can measurewhich does not require additional, inter-       object, we have obtained a distance             accurate angular diameters of Galacticmediate steps which would introduce             modulus of 18.42, with a total uncer-           Cepheid variables directly with VLTI oradditional uncertainties in the distance        tainty of 5 per cent in the distance            similar instruments (e.g. Kervella et al.determination.                                  (Gieren et al. 2000). This value agrees         2001).   In the LMC, the ideal objects on             very well with another recent distancewhich to apply the IRSB technique are           determination for NGC 1866 using HST            2.2. Calibrating the effect of metal-the young, rich clusters, many of which         V, I photometry of the cluster main se-              licity on Cepheid absolutecontain substantial numbers of Ce-              quence down to V = 25 mag, and                       magnitudespheid variables of similar period and           ZAMS fitting (Walker et al. 2001), whoreddening, all at the same distance. We         find 18.35 ± 0.05. Our goal is that at the        One of the major uncertainties affect-are currently gathering the observation-        conclusion of this project (done in col-        ing the distances to galaxies deter-al data to carry out IRSB analyses on           laboration with P. Fouqué (Paris, ESO)          mined from Cepheid period-luminosityabout a dozen Cepheids in three clus-           and J. Storm (Potsdam)) we will have            (PL) relations is the possibility that
                                                                                                                                         17Cepheid absolute magnitudes depend,           centre to about SMC metallicity in the        rate, wind terminal velocity and theto a significant amount, on the metallic-     outskirts of NGC 300). An example of a        square root of the stellar radius. Theity. Regarding the size of this effect,       spectrum is shown in Figure 3.                coefficients D0 and x must be deter-empirical tests have led to wildly differ-       Once all the spectra have been             mined empirically by observations cov-ent claims in the literature over the past    analysed for their metallicities, using       ering blue supergiants (types OBA) offew years, from little or no dependence       hydrostatic line-blanketed model atmo-        different metallicities. The validity of the(e.g. Kennicutt et al. 1998; Udalski et al.   spheres and LTE/NLTE spectrum syn-            Wind Momentum-Luminosity Relation-2001) to a very strong effect (Allen &        thesis, we will proceed with the calibra-     ship (WLR) has been demonstratedShanks 2001). From theoretical models         tion of the metallicity effect on Cepheid     empirically by Puls et al. (1996) for(Bono et al. 1998; Alibert et al. 1999),      luminosities. Given the amount and            O-type stars in the Galaxy and theeven the sign of the metallicity effect is    quality of the data at our disposal, we       Magellanic Clouds, as well as for su-currently under dispute. This shows           are confident that a very accurate result     pergiants of type B and A in the Milkythat there is an urgent need to devise a      will come from this work.                     Way (Kudritzki et al. 1999), M 31test capable of giving a precise answer          In yet another, independent ap-            (McCarthy et al. 1997) and M 33to the problem.                               proach to this problem we are currently       (McCarthy et al. 1995), confirming the   Partly motivated by this open ques-        using a sample of metal-poor Galactic         expected dependence of the relation ontion, about 2 years ago we started a          outer disk Cepheids, located at galac-        spectral type.programme with the ESO 2.2-m tele-            tocentric distances of 12–14 kpc, to de-         What makes the WLR appealing asscope and Wide Field Imager to carry          termine their distances with the IRSB         an extragalactic distance indicator isout a search for Cepheid variables in         technique. These metallicity-indepen-         the extreme brightness of blue super-the Sculptor Group spiral galaxy NGC          dent distances will then be compared to       giants (up to MV = –10 for A-type su-300. Given the relative proximity of this     those predicted from PL relations cali-       pergiants). The basic approach con-galaxy (about 2 Mpc), which allows res-       brated for solar metallicity. Any system-     sists in deriving the stellar parametersolution into stars even in its central re-    atic difference between the two dis-          (temperature, gravity and metallicity)gions, its nearly face-on orientation,        tance determinations should allow us to       from optical spectroscopy, and model-clear signs of massive star formation,        estimate the effect of metallicity on the     ling the Hα line profile to obtain theand indications of a substantial metal-       absolute magnitudes. A crucial ingredi-       wind properties (mass-loss rate andlicity gradient in its disk from previous     ent for this programme to be successful       terminal velocity). The intrinsic luminos-H II region work, NGC 300 promised to         is an accurate knowledge of the metal-        ity, and hence the distance, followshave a large number of Cepheids and           licities of our target Cepheids. Ob-          from an empirically calibrated WLR,to be an excellent target to determine        serving time to obtain these data is          and the knowledge of the stellar appar-the effect of metallicity on Cepheid lu-      scheduled for January 2002 at the ESO         ent magnitude, reddening and extinc-minosities in a similar way as done in        NTT. Optical/near-infrared light curves       tion. With 8-m-class telescopes, theM 101 by the HST Key Project team on          have already been measured from data          necessary spectroscopic observationsthe the Extragalactic Distance Scale          obtained with the double-channel cam-         can be carried out to distances of(Kennicutt et al. 1998). Our survey was       era attached to the CTIO YALO tele-           10–15 Mpc. Previous work of Kudritzkicarried out between July 1999 and Jan-        scope, as well as very accurate radial        et al. (1999) indicates that the WLR hasuary 2000 and has led to the discovery        velocity curves (measured with the 1.2-       the potential to yield distances with anof some 120 new Cepheids, as com-             m Swiss telescope on La Silla), which         accuracy rivalling that of the Cepheidpared to 16 known from the previous           were recently used in a different con-        PL relationship. It is also currently thesurvey of Graham (1984; all his Cephe-        text to explore the effect of metallicity     only stellar distance indicator allowing aids were rediscovered by our survey),         on the structural properties of Cepheid       distance determination on the groundscovering a wide period range from 6 to        velocity curves (Pont et al. 2001).           of spectroscopic analysis alone (but ap-115 days (Pietrzynski et al. 2002).                                                         parent magnitudes and extinction must,   A typical light curve, and the dis-        2.3. Blue supergiants as standard             of course, be measured from photome-tribution of the Cepheids over the                 candles                                  try). However, the dependence of thegalaxy, are shown in Figures 1 and 2,            The field of extragalactic stellar as-     WLR on spectral type and metallicityrespectively. In a parallel programme,        tronomy is experiencing a time of re-         must first be explored in greater detailin collaboration with F. Bresolin and         vival now that the detailed spectro-          before blue supergiants can be used asR.P. Kudritzki from the University of         scopic study of single giant and super-       a new class of accurate, far-reachingHawaii, we have obtained VLT/FORS             giant stars in nearby galaxies has be-        stellar distance indicators.multiobject spectra of some 70 blue           come feasible. Stellar abundance pat-            In an effort to obtain such improvedsupergiant candidates in NGC 300              terns in galaxies can now be studied,         calibrations, we have taken VLT/FORSidentified from the WFI images, for           and the physical properties of massive        spectra in the blue spectral range ofthe purpose of establishing an accurate       stars, in particular those related to their   some 60 blue supergiants in NGC 300stellar metallicity gradient in the disk      stellar winds, can be used to determine       to determine their abundances and theof the galaxy which is needed for the         the distances of the parent galaxies.         systematic stellar abundance variationsdetermination of the metallicity effect       Mass-loss through stellar winds is of         over the disk of this galaxy. Very re-on Cepheids, and for the independent          fundamental importance in the evolu-          cently, we were able to complementpurpose of improving the use of blue          tion of stars in the upper H-R diagram.       these data with red spectra coveringsupergiants themselves as standard            The existence of a relationship be-           the Hα line, from which the wind prop-candles (see next section). More than         tween the intensity of the stellar wind       erties of the stars will be determined.60 of our targets were spectroscopical-       momentum and the luminosity of mas-           From these data, we will be able to pop-ly confirmed as blue supergiants, with        sive stars is a sound prediction of the       ulate the WLR diagram, explore in de-spectral types ranging from O9 to late        theory of radiatively driven winds            tail its dependence on metallicity andA, and first analyses carried out by our      (Kudritzki 1998; Kudritzki & Puls 2000).      spectral type, and set a zero point toteam (Bresolin et al. 2002) show that         Briefly, this relationship is summarised      the WLR from the extensive Cepheidthe metallicities determined from the         as follows:                                   sample we have discovered in NGCmedium-resolution FORS blue spectra                                                         300. A first, very encouraging example(4000–5000 Â) are accurate to about                                                         of a WLR analysis of one of the blue0.2 dex, and confirm the expected de-                                                       supergiants in NGC 300 is shown inpendence of metallicity on the galacto-       where the modified wind momentum              Figure 4 (for more details, see Bresolincentric distance (from about solar in the     Dmom is the product of the mass-loss          et al. 2002).
18   To improve the Cepheid distance de-termination beyond what is possiblewith optical photometric data, we areplanning to carry out K-band photome-try of the Cepheids, which will allow usto get rid of the problem of reddeningand absorption internal to the galaxy.We expect that our current programmeon NGC 300 will produce decisiveprogress for the calibration of the bluesupergiant WLR for distance determi-nation, and that subsequently we canuse this new tool to derive accurate dis-tances to a number of galaxies out tothe Virgo and Fornax clusters.

2.4. The ARAUCARIA project

   In addition to performing studies in-
tending to improve Cepheids and bluesupergiants as standard candles, wehave started a more general pro-gramme (called the ARAUCARIA proj-ect, after the Chilean national tree,which is common in our southern loca-tion) to test the influence of environ-mental properties of galaxies on a num-ber of other stellar distance indicators.   Figure 4: Wind momentum-luminosity relationship for A supergiants, from Galactic (open cir-These include RR Lyrae variables, red       cles) and M 31 (filled circles) stars (data sources: see text). Also plotted is the A0 supergiantclump stars (which are currently the        in NGC 3621 analysed by Bresolin et al. (2001), and the A0 supergiant D-12 in NGC 300only stellar distance indicators which      analysed by Bresolin et al. (2002).can be geometrically calibrated fromHIPPARCOS parallaxes), and plane-tary nebulae (PN). Our strategy is to       but we are also confident that a wealth           catalyst has been the discovery of mul-obtain and compare distances from all       of new astrophysical information about            tiple (typically 2) distinct subpopulationsthe different stellar candles in a com-     the object classes studied (and individ-          of GCs in a given galaxy (e.g. Whitmoremon set of nearby, resolved galaxies        ual, particularly interesting objects) will       et al. 1995, Geisler et al. 1996). Suchwhich show a wide range of environ-         turn up along the way.                            multimodality provides clear evidence formental properties. Our work on NGC                                                            distinct GC, and therefore galaxy forma-300 is a first example of this kind of      3. Globular Clusters and Galaxy                   tion epochs and/ or processes. Ashmanwork. In this particular galaxy we have,       Formation                                      and Zepf predicted bimodality in theirin addition to the work mentioned in                                                          1992 paper on the formation of globularprevious sections, obtained deep nar-          One of the major goals of modern as-           clusters in gaseous mergers. These re-row-band and Hα photometry with the         tronomy is an understanding of galaxy             sults have inspired a host of other ob-ESO 2.2-m telescope Wide Field Im-          formation. What caused the variety of gal-        servational studies (e.g. Gebhardt andager (in collaboration with R. Méndez,      axy types we see today? What were the             Kissler-Patig 1999, Kundu and Whit-Munich, and R. P. Kudritzki, Hawaii)        conditions at the time of their formation?        more 2001) as well as stimulated awhich will allow us to detect and meas-     When did galaxies form? The crude                 number of theoretical papers suggest-ure its complete population of PN down      answer to this last question is, unfortu-         ing new galaxy formation models andto the faintest objects, and to check any   nately, generally very long ago, making           provided the observational constraintspossible dependence of the Planetary        it very difficult to investigate this topic       used as their input (e.g. Forbes et al.Nebulae Luminosity Function (PNLF)          by simply observing galaxies which are            1997, Côté et al. 1998). This was oneon the stellar population producing the     currently forming. Thus, we must turn to          of the key topics at the recent IAUPN (NGC 300 shows recent star forma-        other clues to reveal the distant past.           Symposium 207 on “Extragalactic Startion, as opposed to the bulge of M 31,         Globular clusters (GCs) are ideal              Clusters” held in Pucon, Chile, inwhich has been the principal calibrator     tools for studying the earliest epochs of         March. This meeting drove home theof the PNLF method in the past). To this    galaxy formation, given that they are             point that GCs have much to teach usend, we will use our new accurate           the oldest easily-dated objects present           about the formation of galaxies. ThisCepheid distance to NGC 300 to set the      in all but the least massive galaxies and         was the first ever IAU Symposium inzero point of the narrow-band fluxes.       that they are also among the brightest            Chile and we note with pride that our   Studies of red clump stars in the        objects in galaxies, especially giant el-         Astronomy Group co-organised andnear-infrared K band, where age and         liptical galaxies, where they are present         hosted this very successful meeting.metallicity effects on absolute magni-      in very large numbers over a wide radi-              Globular clusters provide a wide vari-tudes are expected to be less important     al range, and thus readily accessible for         ety of evidence useful to our quest.than for I-band magnitudes (Alves           detailed observations.                            Particularly important are metal abun-2000), are underway in the LMC, SMC                                                           dances and kinematic data for a largeand several Local Group dwarf galax-        3.1. An observational study                       number of GCs in a galaxy over its en-ies. We also plan to test the red clump          of galaxy formation                          tire extent. Such information can help tostar method in NGC 300 in the near fu-           using globular clusters                      tightly constrain galaxy formation mod-ture. As an outcome of the ARAUCA-                                                            els. However, the observational re-RIA programme, we not only hope to            The use of GCs to study galaxy for-             quirements for such a study are quiteset the zero point of the extragalactic     mation beyond the Milky Way has                   demanding: one needs accurate (~ 0.2distance scale with exquisite accuracy,     boomed in the last decade. The primary            dex) metal abundances and/or radial                                                                                                                                         19Figure 5: The north-east region of NGC 1399, imaged with FORS2 in V and I and an exposure time of 300 s. The rich cluster population isdiscernable, as well as many galaxies in the field. This image has been obtained during a spectroscopic run with FORS2 and MXU, duringwhich about 500 spectra of clusters were collected.

             50 km/s) for hundreds of
velocities (                                  plays a leading role in the study of ex-     modal colour distribution, and thus veryclusters to build up a statistically signif-   tragalactic GCs. Its rich GC system has      likely also metallicity distribution, sug-icant sample to be able to resolve dis-        frequently been the target of investiga-     gests a first order distinction betweentinct metallicity peaks or discern kine-       tors (see Kissler-Patig et al. 1999 and      metal-poor and metal-rich clusters, al-matic differences between any subpop-          references therein), but the most fun-       though it is not excluded that the com-ulations. In addition, one needs large         damental questions are either still open     position may be more complex. Wespatial coverage within a galaxy to            or under debate. Even the question as        therefore ask: Are metal-rich and met-check for any radial trends, which can         to what degree the richness of its clus-     al-poor clusters differently distributed inyield additional constraints on forma-         ter system is extraordinary is not con-      space? Do their properties correspondtion models. Such knowledge is only            clusively answered because of the            to the properties of the underlying fieldnow beginning to become available.             huge extension of both the cD-halo and       population? Are there kinematical dif-We present here some of our recent             the GC system, which makes the total         ferences and how can they be inter-work along these lines.                        number of clusters as well as the total      preted in a dynamical context? Finally,                                               luminosity of NGC 1399 difficult to mea-     what could be a scenario which ex-3.2. Photometry and Spectroscopy               sure. In some previous work, the sub-        plains all properties of the GC system?     of the Globular Cluster                   structure of its GC system has been rec-        The two main factors, which make     System of NGC 1399                        ognised (Ostrov et al. 1998), however,       our new photometric data set superior                                               without detailing the photometric, spa-      are the use of the Washington system  NGC 1399, the central cD-galaxy in           tial and kinematic properties of subpop-     (in fact, we use Washington C andthe nearby (~ 19 Mpc) Fornax cluster,          ulations of clusters. The pronounced bi-     Kron-Cousins R) with its excellent20                                                                                                     have been shifted to make the differ-                                                                                                     ences between them best visible. The                                                                                                     radial range covered is larger than in                                                                                                     any other previous CCD study. We see                                                                                                     that in the outermost region the blue                                                                                                     and red cluster profiles cannot be                                                                                                     distinguished, but the blue cluster pro-                                                                                                     file becomes progressively shallower                                                                                                     than that of the red cluster inwards.                                                                                                     This difference is also reflected in the                                                                                                     galaxy light profile, where the colour                                                                                                     gradient becomes best visible between                                                                                                     3 and 10 arcmin. In fact, the galaxy                                                                                                     colour gradient resembles nicely the ra-                                                                                                     tio of red to blue clusters at any given                                                                                                     radius, so the galaxy “knows” about its                                                                                                     bimodal cluster population. We stress                                                                                                     that this is very difficult to see in a field                                                                                                     smaller than ours. The fact that the                                                                                                     galaxy colour profile follows that of the                                                                                                     ratio of red to blue clusters is a strong                                                                                                     point against any “stripping” scenario,                                                                                                     in which the rich cluster system has                                                                                                     been built up by stripping globulars                                                                                                     from neighbouring galaxies and argues                                                                                                     for a scenario in which the field popula-Figure 6: The left panel is the R-(C-R) CMD of all point sources found in the MOSAIC field.          tion forms together with the cluster pop-The bimodal colour distribution is clearly visible, again demonstrated in the C-R histogram          ulation. We note that we are also in-(upper right panel). The lower right panel shows the distribution of blue clusters (left) and red    vestigating the GC luminosity functionclusters (right) in the 36 × 36 arcmin field. The red clusters are distinctly more concentrated      and its utility as a distance indicator,towards NGC 1399. Also NGC 1387 at the lower margin and NGC 1404 left of NGC 1399 are                                                                                                     with particular attention to the metallici-visible, which cannot be seen in the distribution of blue clusters.                                                                                                     ty dependence of the turnover.                                                                                                         With the advent of large telescopesmetallicity resolution and a large field of       bouring galaxies, NGC 1404 and NGC                 like the VLT in combination with a so-36 × 36 arcmin, which we achieved with            1387, are discernible by the distribution          phisticated and efficient multi-objectthe MOSAIC camera of the 4-m tele-                of red clusters, which are not visible if          spectroscopic device like the Maskscope at Cerro Tololo. In combination             only the blue clusters are plotted.                Exchange Unit (MXU) at FORS2, spec-with new and unique spectroscopic                   To be more quantitative, we plot the             troscopy of objects as faint as V = 23.5data from the VLT we now have the                 surface density profile vs. the radial dis-        for measuring radial velocities has be-most powerful data set ever oblained              tance for the red and the blue clusters,           come feasible. As for the investigationfor a GC system of an early type galaxy.          as well as for the galaxy light in the C           of GC systems of early-type galaxies,   Figure 5 shows the north-east region           and R bands (Fig. 7). The zero-points              two important objectives can now bearound NGC 1399. The colours have                 of the ordinate for all four components            addressed: firstly, the kinematical be-been constructed using V and I expo-sures from FORS2 at Kueyen, whichwe took in the course of our spectro-scopic run (see next section). The rich-ness of the cluster system is apparent,as is the rich background population ofgalaxies, which particularly in bad see-ing can strongly contaminate a list ofGC candidates.   The bimodality of the colour distribu-tion shows up nicely in Figure 6, whichis the R vs. (C-R) colour-magnitude di-agram of all unresolved objects foundon the wide-field images. Since thephotometric completeness is controlledby the C images, we have a sharp, in-clined completeness limit. The bulk ofthe faint blue objects are mostly galax-ies, which in a V vs. (V-I) diagrammerge with the blue GC population andthus contribute significantly to the back-ground contamination. The right panelis a colour histogram of those objectswithin the rectangle drawn in the CMD,which delimits the expected domain ofthe brighter half of the GCs. In the plot         Figure 7: This plot shows the surface density profiles of the radial distribution of red and blueof the area distributions of blue and red         clusters, measured on FORS2 images (filled circles) and MOSAIC images (open circles). Theclusters, one notes the much stronger             solid lines are the galaxy light profiles in the C filter (blue) and the R filter (red). The zero-concentration of red clusters toward              points of all four components have been shifted to make the differences most visible. Thetheir host galaxies. Even two neigh-              colour gradient in the galaxy light can be seen best between 0.5 < logr < 1.
                                                                                                                                                21                                                                                                    objects is in the range 20–50 km/s. The                                                                                                    final sample will probably contain about                                                                                                    450 GC velocities, which is the largest                                                                                                    sample of dynamical probes ever ob-                                                                                                    tained for an early-type galaxy.                                                                                                       Figure 8 (top) shows both the individ-                                                                                                    ual velocities and the velocity disper-                                                                                                    sion (right and left ordinates) and their                                                                                                    radial dependence. Because the work                                                                                                    is still in progress, we can only give pre-                                                                                                    liminary results. We do not see any sig-                                                                                                    nificant rotation for most of the cluster                                                                                                    population except perhaps for the outer                                                                                                    metal-poor clusters, for which a mar-                                                                                                    ginal rotation signature might be pres-                                                                                                    ent. Considering the entire sample, the                                                                                                    projected velocity dispersion seems to                                                                                                    be constant with radial distance and                                                                                                    has a value of 310 ± 20 km/s.                                                                                                       We use a colour of C – R = 1.4 to                                                                                                    separate the metal-poor from the                                                                                                    metal-rich clusters. The metal-poor and                                                                                                    the metal-rich subsamples show                                                                                                    slightly different velocity dispersions of                                                                                                    330 ± 18 km/s and 291 ± 16 km/s,                                                                                                    respectively, and again do not indicate                                                                                                    a change with radial distance (Fig. 8,                                                                                                    bottom).                                                                                                       Although the proper dynamical anal-                                                                                                    ysis still has to come, a few interesting                                                                                                    remarks can already be made. If we as-Figure 8: The upper panel is a combination of two figures. The small points are all measured        sume spherical symmetry, we may ap-clusters with their velocities (right ordinate) plotted vs. their projected galactocentric dis-     ply the spherical Jeans equation (e.g.tances. The dashed lines indicate the velocity limits which have been applied for calculating       Binney & Tremaine 1987):the velocity dispersions. The large points are the projected velocity dispersions (left ordinate)in four radial bins with their uncertainties indicated. The lower left panel shows the velocitydistribution of the red clusters, the right panel that of the blue clusters. One can see thesmaller velocity dispersion of the red clusters, but also that these histograms are not very wellapproximated by Gaussians. The curves are the result of smoothing the data.                                                                                                    where G is the constant of gravita-                                                                                                    tion, r the galactocentric distance, M(r)haviour of distinct subpopulations of             a FWHM of 5 Å. The spectral coverage              the mass contained within r, σr is theGCs, and secondly, the use of GCs as              was from about 3800 Å to 5800 Å, de-              radial component of the velocity disper-probes for the gravitational potential of         pending on the slit position on the mask.         sion, ρ(r)2 the density profile of clusters,                                                                                                                σthe host galaxy. Radial velocities of             In total we observed 13 masks with vary-          β = 1 – σΘ2r with σΘ being the tangentialGCs have already been measured for                ing exposure times between 45 and 90              velocity dispersion. Unless β is non-some galaxies (NGC 1399, M87, NGC                 min. The cluster candidates had R-mag-            zero, a radially constant projected ve-4472) using the Keck and 4-m-class                nitudes between 20 and 22.5 mag.                  locity dispersion implies a constant σrtelescopes (Kissler-Patig et al. 1999,               The surface density of targets, partic-        and dd lnlnσrr = 0. Within our radial range,Cohen et al. 1998, Côté et al. 2001,              ularly at small projected galactocentric          the red and the blue clusters show dif-Zepf et al. 2001), but the VLT vastly im-         radii, is very high. Therefore, we decided        ferent density profiles (Dirsch et al.proves the situation in terms of accura-          not to measure the sky through the                             lnρcy and number statistics. Large sample            same slit as the object, but to set inde-         2001), dd ln   r ~ –2.5 ± 0.1 and –1.8 ± 0.1,size is particularly essential for a dy-          pendent sky slits, which greatly im-              respectively. The difference of the den-namical analysis, because about                   proved the flexibility of object selection.       sity profiles could account completely400–500 probes are necessary to dis-              In that way we could fill one mask with           for the difference in the velocity disper-entangle the phase space distribution             more than 100 slits. The Mask Manu-               sions, if β would be zero.and the potential (e.g. Merrit 1993).             facturing Unit works sufficiently accu-              A handy formula for the mass inside   We therefore started a programme               rately to allow a satisfactory sky sub-           a radius r is (β = 0)aimed at getting a large sample of GC             traction of independent object and skyradial velocities around elliptical galax-        slits.ies. The first natural target in the south-          The observations resulted in aboutern sky is NGC 1399. In December                  500 spectra of cluster candidates to-2000, we observed with FORS2 and                  gether with 300 miscellaneous objects,            where α is the logarithmic slope of ρ(r)MXU at Unit 2 various fields around               including galaxies, stars, and clusters           and where a distance of 19 Mpc hasNGC 1399. The pre-selection of GC                 which fell outside our photometric se-            been assumed. The mass inside 10 kpccandidates was performed with the aid             lection criteria, which were observed in-         is 4.2 · 1011 M and inside 40 kpc 1.7 ·of our MOSAIC Washington photometry.              tentionally to take advantage of avail-           1012 M, which is in good agreementAs the radial velocities showed later on,         able slit positions when good GC can-             with the values given by Jones et al.the distinction of clusters from back-            didates were not available. We have               (1997) based on X-ray analyses and in-ground galaxies and foreground stars              measured radial velocities for about              dicates that isotropy is not grossly vio-worked excellently, giving a contamina-           450 clusters by both cross-correlation            lated. We note that we are performing ation fraction as low as 5%. We used the           techniques and direct measurements of             detailed investigation of the mass andgrism 600B, with which the arc lines have         line positions. The uncertainty for most          M/L distribution in NGC 1399 based on
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1. Introduction                                     The formation time of galaxy clusters           Therefore some of the major ques-                                                 is comparable to the Hubble time.               tions that we address with our studies   The prime achievement of 20th cen-            Therefore clusters are still evolving           are: How can cluster masses be esti-tury cosmology is clearly the establish-         today and their evolution is closely            mated from easily observable clusterment of the expanding universe model             connected to the evolution of the               properties? What are the most massiveand the approximate measurement of               large-scale structure. Clusters are also        dynamically relaxed objects that we canthe parameters, H0, Ωm , and Λ0 gov-             well characterised laboratories in which        find in our Universe? How important areerning the dynamics of the expansion             the matter composition can be meas-             clusters and how much mass are theyand of space-time geometry. This de-             ured and taken to be approximately              contributing to the matter in the Uni-velopment will practically reach its goal        representative of the Universe, and             verse? What are precisely the massin the next decade with precise meas-            the galaxy population can be stud-              fractions of the galaxies, the hot gas,urements of all parameters involved              ied in a controlled environment. The            and the dark matter in clusters, and areand we will have a good measure of the           most important cluster characteristics          there significant system-to-system vari-statistics of the large-scale structure of       is the measurement of the total grav-           ations? Are these possible variationsthe dark matter distribution as well. So         itational mass – which can be deter-            linked to variations in the galaxy forma-what is left for cosmological research           mined quite reliably e.g. from X-ray            tion efficiency? How fast do clustersto do for the 21st century? These re-            imaging and spectroscopy of the million         grow at the present epoch by clustersults are actually only describing the           degree hot intergalactic gas. One of            mergers? Does the cluster growth rateUniverse of the dark matter. But how             the interesting findings of X-ray astron-       depend significantly on the local matterthis invisible Universe is related to the        omy is that there is about a factor five        density in the Universe? Are there prop-Cosmos we observe with our tele-                 times more mass in this hot gas (~ 17%          erties of the galaxy population that arescopes is still to a large part an open          of the total mass) than in the cluster          related to the cluster dynamical state,question. Aiming towards this general            galaxies (~ 3–4%) in massive clusters.          in particular for clusters in a state ofgoal we are using galaxy clusters as             Thus, the majority of the gas seems to          merging?cosmological laboratories to address             be left over and was not used to form              For the study of cluster and galaxysome of these fundamental questions.             galaxies.                                       evolution not only observations as a                                                                                                 function of time are important, but also                                                                                                 the study of the dependence on envi-                                                                                                 ronment. There are two interesting as-                                                                                                 pects of the environmental dependence                                                                                                 of evolutionary effects. On the one                                                                                                 hand, we know from basic cosmologi-                                                                                                 cal considerations that structure forma-                                                                                                 tion is more advanced and continues                                                                                                 more vigorously in a denser environ-                                                                                                 ment. On the other hand, in a dense en-                                                                                                 vironment such as a cluster or proto-                                                                                                 cluster of galaxies we expect a higher                                                                                                 frequency of galaxy collisions and                                                                                                 galaxy mergers which are believed to                                                                                                 be the processes by which at least                                                                                                 some of the elliptical galaxies are                                                                                                 formed. A particularly important param-                                                                                                 eter characterising galaxy evolution is                                                                                                 the star-formation rate, which can be                                                                                                 monitored by optical line spectroscopy.                                                                                                 A historic record of star formation is                                                                                                 also contained in the abundances of                                                                                                 heavy elements that can be derived                                                                                                 from the occurrence of element lines in                                                                                                 the X-ray spectra of the intracluster                                                                                                 gas. These elements are solely pro-Figure 1: Relation of X-ray luminosity and gravitational mass of the brightest galaxy clusters   duced by stellar processes (notably su-in the ROSAT All-Sky survey (Reiprich & Böhringer 2001). The mass, M200. was determined          pernova explosions). Therefore it is im-inside the virial radius taken to be the radius at which the mean density averaged over the      portant to ask if there are correlations ofcluster is 200 times the critical density of the Universe.                                       cluster properties, properties of the
24galaxy population in the clusters, and      mass. Therefore,element abundances as a function of         to interpret ourlocation in the cluster and from system     observations into system, that could guide our under-      terms of cosmo-standing of the evolution of these com-     logical models,ponents.                                    we need to know   To answer these questions, we are        the link betweenconducting a series of systematic stud-     cluster mass andies on galaxy clusters. A progress re-      X-ray luminosity.port with preliminary results is given in   The cluster massthe subsequent sections. Such studies       is not an easilyshould not be conducted on any cluster      observable pa-that is found to have an appealing ap-      rameter, howev-pearance, but we have to know for           er, but it can beeach study object what part of the clus-    deduced for ex-ter population and which characteristics    ample from de-of the large-scale structure it repre-      tailed X-ray ob-sents. Therefore the basis of our work      servations on theis a detailed census of the galaxy clus-    density and tem- Figure 2: Cumulative mass density function of galaxy clusterster population in the Universe out to in-   perature distribu- normalised to the density of a critical universe (Ωcluster = ρcluster/ρcritical;termediate redshifts (z ~ 0.4) that we      tion of the hot, Reiprich & Böhringer 2001).achieved with the REFLEX (ROSAT-            X-ray emitting in-ESO Flux-Limited X-ray) Cluster Sur-        tracluster gas and the estimation of the    cluster RXCJ0658-5557 was first foundvey. The survey was conducted as an         gravitational potential needed to hold      in ASCA follow-up observations, withESO key programme based on X-ray            this hot gas in place. We have used         results of ~ 17 keV (Tucker et al. 1998)selected galaxy clusters providing a        such detailed X-ray observations for        and around 14–15 keV in an analysishighly complete X-ray flux limited clus-    the 63 brightest galaxy clusters in the     conducted by us (see also Andreani etter sample. With the X-ray flux limit we    REFLEX catalogue and its northern           al. 1999) making this cluster the recordare essentially sampling the most mas-      complement, the NORAS Cluster Sam-          holder for the highest temperature, su-sive clusters in each redshift shell (as    ple (Böhringer et al. 2000) to determine    perseding the previous incumbent,will be explained below). The prime         the masses of the clusters and to es-       A2163. The high temperature also sug-goal of the REFLEX survey is the as-        tablish the correlation properties of       gests that this may be the most mas-sessment of the large-scale structure.      mass and X-ray luminosity (Reiprich &       sive gravitationally relaxed object dis-This was previously described in The        Böhringer 2001). The resulting diagram      covered to date.Messenger (Böhringer et al. 1998,           is shown in Figure 1. Indeed we find a         Therefore we applied for a deepGuzzo et al. 1999). The most important      very good correlation of the two cluster    X-ray study of this object withinformation retrieved from the large        properties, and the systematic study        XMM-Newton, an observation that wasscale structure measurement is given        also allows us to characterise the scat-    conducted recently. Figure 3 shows anin a statistical form by the X-ray lumi-    ter. This correlation and its scatter is an image of the observation with the EPNnosity function of the REFLEX clusters      essential ingredient for the modelling of   detector on board of XMM. The cluster(Böhringer et al. 2002), the two-point      cosmological tests with the REFLEX          is obviously featuring a merger of twocorrelation function (Collins et al.        cluster sample (see e.g. Schuecker et       subcomponents, since we know al-2000), and the density fluctuation          al. 2001a).                                 ready from the deep ROSAT HRI ob-power spectrum (Schuecker et al.               Since the clusters used in this study    servation that both maxima visible in2001a). This analysis provides the          form a complete flux-limited sample, we     Figure 3 are associated with extendedmost important scientific result that the   can also construct the mass function of     X-ray emission. The high throughput ofobservations are only consistent with a     clusters. A very interesting result comes   XMM-Newton allows us to collectmean matter density of the Universe         from the integral of the mass function,     enough photons (in a useful exposureclearly below the critical limit above      normalised to the mean density of a         time of ~ 14 ksec in the present case)which the Universe would recollapse in      critical universe as shown in Figure 2.     to perform a spectral analysis for sev-the future. The allowed range of the        We observe that the matter density          eral concentric rings in the cluster anddensity parameter is roughly, Ωm =          bound in clusters with a mass above ~       to get a good temperature estimate.0.12h –1 – 0.26h –1 (where h is the         6.4 · 1013 M is about 2% of the mean       Figure 4 shows a very preliminary tem-Hubble expansion parameter in units of      density in a critical density universe.     perature profile from an analysis cen-100 km s–1 Mpc–1). Thus the REFLEX          For the currently most favoured cosmo-      tred on the maximum of the Easternprogramme has made an important             logical model with a density parameter      main cluster while the Western clustercontribution to the above-described         Ωm ~ 0.3 we find that clusters contain      component was excised. The tempera-achievement in cosmology in the last        presently about 6% of the total matter in   ture profile shows that the cluster is in-century.                                    the Universe (Reiprich & Böhringer          deed very hot around 13–15 keV over a   For the follow-up work described be-     2001).                                      large radial range to at least 0.6h –1low, REFLEX is now providing a highly                                                   Mpc. Note that the results are prelimi-complete cluster catalogue from which       3. Going to Extremes                        nary and the cause of the temperaturethe most appropriate clusters for study                                                 drop seen in the outermost bin still hascan be selected.                               One of the interesting aspects of        to be explored in detail, since it could                                            large surveys is the discovery of rare      be an artefact of the very delicate back-2. Weighing the Galaxy Cluster              but important objects. During the RE-       ground subtraction in the faint surface   Population                               FLEX survey the so far X-ray brightest      brightness region at large radii. From                                            galaxy cluster RXCJ1347-1145 and            the temperature profile and the gas   The theoretical description of struc-    the so far hottest galaxy cluster,          density distribution obtained from theture formation as well as N-body simu-      RXCJ0658-5557 were discovered (the          X-ray image under the assumption oflations of the evolution of the dark mat-   latter was independently found in the       spherical symmetry we can estimateter Universe both describe galaxy clus-     EINSTEIN Slew Survey by Tucker et al.       the cluster mass. Inside a radius ofters by their basic parameter, their        1995). The high temperature of the          1.5h –1 Mpc we find a mass of about
                                                                                                                                           25                                                                                               phology of the clusters as seen in the                                                                                               ROSAT All-Sky Survey for the brighter                                                                                               part of the REFLEX sample and for                                                                                               northern clusters (Schuecker et al.                                                                                               2001b). Figure 5 shows two exam-                                                                                               ples, a merging cluster and a well-                                                                                               relaxed system. These examples are                                                                                               among the best in the sample, being                                                                                               bright and characterised by a large                                                                                               number of X-ray photons. Unfortunately                                                                                               the exposure time for each cluster in                                                                                               the ROSAT Survey is only a few hun-                                                                                               dred seconds and therefore we have                                                                                               only typically a hundred to few hundred                                                                                               X-ray photons. Therefore regular clus-                                                                                               ters and mergers cannot be identified                                                                                               with certainty and the derived index has                                                                                               to be considered primarily as a statisti-                                                                                               cal measure.                                                                                                  Figure 6 shows the statistical results                                                                                               of the study based on the two indices                                                                                               found to be most efficient, the β-method                                                                                               which tests for mirror symmetry and the                                                                                               Lee-Statistics which is sensitive to                                                                                               asymmetric substructure (Schuecker et                                                                                               al. 2001b). The parameter shown in this                                                                                               plot is the significance that the cluster is                                                                                               regular (and unlikely to be a merger) as                                                                                               found in two different tests. This pa-                                                                                               rameter is plotted as a function of the                                                                                               cluster density, where the cluster densi-                                                                                               ty was derived from the mean distance                                                                                               to the five nearest neighbours. EachFigure 3: XMM Newton image of RXCJ0658-5557 taken with the EPN X-ray CCD detector in           data point in the plot is the mean signif-the energy range 0.5 to 5 keV.                                                                 icance value of a number of clusters                                                                                               falling into the density interval. We                                                                                               clearly note that the mean significance3 · 1015 M. The virial radius of the clus-   sity the growth of structure will essen-         for the clusters to be regular is de-ter is estimated to lay at around 2.5h –1     tially be stopped when the density               creasing with the local cluster density.Mpc out to which the integral mass may        parameter, Ωm , starts to diverge from           Thus the likelihood to find cluster merg-by higher by another factor of two, but       unity. What is true for the Universe on          ers is highest in the densest regions, aswe have no observational data that ex-        average should also be true for large,           expected from theory.tend so far out. With these numbers this      local regions of higher or lower den-               A closer look shows that this signal iscluster is the most massive dynamical-        sity. Therefore, we can use density              not only providing statistical informa-ly relaxed object known in our Uni-           variations in the very large-scale struc-        tion. An inspection of the location ofverse. We can use our census of the           ture to test this structure formation            those clusters which have a high signif-cluster population to ask how large the       paradigm.                                        icance to be mergers shows that thesesearch volume has to be to find such a           The REFLEX survey is the first sur-           objects lay predominantly in prominentrare, massive cluster. We conclude that       vey large enough and sufficiently well           superclusters as can clearly be seen inone such object should be found in a          defined to perform such a study. The             Figure 7. The most striking structure ofvolume of a few Gpc3 h –3. Considering        first, quite difficult step of the study is to   the dense clustering regions is the well-that these very massive objects have          develop an index for the likelihood that         known Shapley Supercluster at a red-formed only recently and that the             a cluster is in a state of merging. This         shift of about 0.05 (a velocity of aboutchance to observe them at larger dis-         index was derived from the X-ray mor-            15,000 km s–1).tances becomes increasingly smaller,there should only be a few of thesemassive objects in the whole visibleUniverse.

4. The Statistics of Cannibalism

   We know from observations as well
as from N-body simulations that galaxy        Figure 4:clusters evolve and grow by the subse-        Temperature profilequent merging of subunits. Within the         of the hot intra-theoretical framework of gravitational        cluster gas ofgrowth of structure we expect that the        RXCJ0658-5557 aspresent rate at which clusters merge is       obtained from thea function of the mean matter density of      recent XMM Newton                                              observation. Thethe Universe. Thus in a critical density      radial scale is givenuniverse there will at any time be over-      for a Hubble param-dense regions which are bound to col-         eter of, H0 = 50 kmlapse, while in a universe with low den-      s–1 Mpc–126Figure 5: Example of a clearly regular cluster (left) and merging cluster (right). These clusters are among the brightest examples in the RE-FLEX sample.
5. Probing Large-Scale Motions                  pected in standard cosmological mod-            objects in common with the Lauer &                                                elling. Several follow-up studies tested        Postman survey. In 14 out of 57 com-   The observation of large-scale pecu-         the method of Lauer & Postman and did           mon objects the optically selected BCGliar flows in the Universe is a very im-        not find an error in the method.                taken by Lauer & Postman was locatedportant addition to the study of the               We have therefore embarked on a              far from the X-ray maximum, and inlarge-scale matter distribution. The            similar survey now including the X-ray          three cases the redshift of the BCG andknowledge of both allows us to investi-         information on the clusters involved            the cluster differs. Figure 8 shows withgate the origin of peculiar velocity and        (Lynam et al. 2002). The survey sample          Abell 147 one of the examples of differ-to test the paradigm that the flows are         is constructed from the brightest RE-           ent BCG identification. In 80% of thesecaused by the gravitational effects of          FLEX and NORAS Abell and Abell,                 cases Lauer & Postman find a lowthe density inhomogeneities. The pre-           Corwin & Olowin clusters. In contrast to        α-parameter while in the present workrequisite for the study of peculiar mo-         the earlier studies the BCG candidate           always a significantly higher α-valuetion patterns is the establishment of an        was selected to be the brightest ellipti-       was found (Lynam et al. 2002).absolute distance indicator that to-            cal galaxy closest to the centroid of the          This leads to the second crucial find-gether with measured redshifts allows           X-ray emission – which is marking the           ing. Figure 9 shows the distribution ofus to reconstruct the cosmic flows. Tra-        centre of the gravitational potential of        α-parameters as found in the Lauer &ditionally the brightest cluster galaxy         the clusters. In most cases the X-ray lu-       Postman (1994) survey in comparison(BCG) has been used as such a dis-              minous clusters have a bright, domi-            to the present work. There is a clear dif-tance indicator since the pioneering            nant central galaxy and the identifica-         ference in the distribution of α in thetime of Hubble. The method is based             tion of the BCG is unambiguous. Only            samples. The major difference is thaton the recognition that BCGs span a             in a handful of cases the coincidence of        the present sample lacks the systemsrelatively small range of absolute mag-         the X-ray maximum and the BCG posi-             with low α and has a much more com-nitudes.                                        tion is less obvious. The first interesting     pact distribution function. This is very   A few years ago a refined use of             finding of this study comes from a com-         suggestive of the observation of two dif-BCGs as distance indicators was ap-             parison of the BCGs identified for the          ferent galaxy populations, X-ray coinci-plied to the study of streaming flows.The refinement is based on the findingthat the absolute magnitude of BCGsis correlated to the structure of thegalaxies, best characterised by theslope of the surface brightness profilewith the slope parameter, α. This corre-lation can be used to reduce the uncer-         Figure 6: Mean sig-tainty in the BCG distance estimate             nificance of clusters(Lauer & Potsman 1994). From the                to be regular as astudy of the “Abell Cluster Inertial            function of localFrame” involving 119 Abell clusters             cluster density. EachLauer & Postman found very surpris-             data point is theingly a large-scale streaming velocity of       mean result for a689 ± 178 km s–1 on scales of ~ 120h –1         subsample of clus-                                                ters. The statisticsMpc pointing in a direction more than           shows a clear trend90 degrees away from the streaming di-          that cluster mergingrection indicated by the cosmic micro-          occurs morewave background dipole. Thus, both              frequently in densethe direction and the magnitude of this         large-scale structureeffect on these large scales is unex-           regions.
                                                                                                                                         27                                                                   Figure 7: Spatial dis-       In the further analysis the galaxies                                                                   tribution of the clus-    are identified and separated from stars                                                                   ters which show a         by their shape with the object recogni-                                                                   high significance of      tion software S-EXTRACTOR (Bertin &                                                                   being regular (open                                                                   blue dots) and low                                                                                             Arnouts 1996). In Figure 11 we show                                                                   significance (red         the distribution of the objects identified                                                                   dots). There is a         as galaxies with symbols indicating                                                                   clear concentration       their magnitudes and elongations. The                                                                   of the likely merging     cluster concentration is well visible in                                                                   clusters in dense su-     this image. The image scale is 26.4 ×                                                                   perstructures. The        30.5 arcmin2 (4.4 × 5h–2 Mpc2) com-                                                                   densest concentra-        pared to a virial radius of the cluster                                                                   tion in the plot is the   which is estimated to be about 1.8–2h–1                                                                   Shapley Super-                                                                   cluster.                                                                                             Mpc. The image is thus covering the                                                                                             whole cluster as virialised object as well                                                                                             as some surrounding background. The                                                                                             image suggests that there is filamen-                                                                                             tary structure stretching out from the                                                                                             cluster beyond the virial radius. The                                                                                             significance of these structures will be                                                                                             addressed with photometric redshift es-                                                                                             timates as well as with further redshiftdent BCGs and other bright cluster           scope. Having with a large effort finally       work (see below). Also overlayed ongalaxies, which are characterised by         tackled the reduction of dithered mo-           this image are the surface brightnessdifferent distributions of the α-parame-     saic images and having the first XMM            contours of the X-ray image obtainedter. While the present sample contains       observational data sets at hand we can          for this cluster with XMM-Newton.only the X-ray BCG population with a         start our comparison. A first example of        The original XMM EPN image isseemingly Gaussian α-distribution, the       these combined observations is shown            also shown in Figure 12. The mor-Lauer & Postman sample is presum-            in Figure 10, the massive REFLEX clus-          phology of the cluster is traced in a sim-ably composed of a bimodal popula-           ter RXCJ1131.9-1955 at a redshift of z          ilar way by the hot gas as well as thetion. This is also revealed by some          = 0.306. The image is a colour com-             galaxy component of the cluster. Thisother contemporary studies. A major          posite produced from exposures with B,          implies that presumably both compo-aim of our further work in this project is   V, and R filters. The image is showing a        nents are well tracing the gravitationaltherefore to establish more clearly this     fraction of about 6% of the total mosaic        potential and thus the dark matter dis-population difference. The Wide-Field        frame. The zooming was chosen to still          tribution. We see a massive compactCamera cluster survey described in the       allow the recognition of galaxy images.         cluster core in the centre of the imagenext section is particularly useful forthis work.   Taking now this population differenceinto account and re-inspecting the α-lu-minosity correlation shows that for theX-ray BCGs there is no correlation ef-fect, and therefore no improvement onthe distance estimate for these galaxiesis possible. The preliminary results ofour survey, based on this revision of themethod and on the sample of 173 clus-ters, do not show a significant signal ofa large-scale streaming flow (Lynam etal. 2002). This is supported by almostall other independent tests not confirm-ing the Lauer & Postman streaming sig-nal and consistent with the expecta-tions within the standard model..
6. Galaxy Demography

   Working with galaxy clusters, it is of
course most interesting to know whatthe clusters are made of and in particu-lar what is the mass ratio of the twoforms of visible matter, the hot gas andthe galaxies, and the mass-to-light ra-tio. Are these ratios variable indicatingthat galaxy formation can be different indifferent clusters? To answer thesequestions we are conducting a detailedcombined X-ray/optical study of a wellselected subsample of massive RE-FLEX clusters at intermediate redshifts(z = 0.14–0.45) using XMM-Newton ob-                                             Figure 8: Example of an optically misidentified BCG in the Lauer and Postman (1994) sam-servations and the Wide-Field Imager                                             ple. Position 1 marks the X-ray coincident BCG, while the optically selected BCG of Lauer &(WFI) at the MPIA/ESO 2.2-m tele-            Postman is at location 2.28 Figure 9: Distribution of the shape parame-   ter, α, for the Lauer & Postman (1994) sam-   ple and the work by Lynam et al. (2002).   There is a clear difference in the two distri-   butions. Most remarkable is the extension   towards low values of the α-parameter in the   Lauer & Postman sample which gives this   distribution a bimodal appearance and   which does not appear in our survey.

   Figure 10: Central region of a MPIA/ESO
   2.2-m WFI image of the distant REFLEX   cluster RXCJ1131.9-1955. The size of the   image is ~ 8.12 × 8.12 arcmin2. For the pro-   duction of the colour image we used a pro-   gramme kindly provided by J. Engelhauser.                                                29                                              Figure 11: Galaxy distribution in the field of                                              the cluster RXCJ1131.9-1955 as identified in                                              the image shown in Figure 10 displayed by                                              symbols indicating the brightness and orien-                                              tation of the galaxies. The blue contours                                              show the surface brightness distribution of                                              the XMM EPN X-ray image. This figure illus-                                              trates that the hot X-ray emitting gas and the                                              galaxies are displaying a very similar mor-                                              phology due to the fact that both cluster                                              components are tracing the same gravita-                                              tional potential.

                                              tical yields quite different clusters sam-
                                              ples e.g. only about two thirds of the                                              REFLEX catalogue are clusters found                                              by Abell and co-workers (1958, 1989),                                              while these optical catalogues find                                              about five times as many clusters in the                                              REFLEX area as contained in RE-                                              FLEX. While the X-ray emission clearly                                              flags a three-dimensional mass con-                                              centration, the optical identifications                                              are expected to be partly due to projec-                                              tion effects. Therefore, it is very impor-                                              tant to understand the relation between                                              the appearance of clusters in the two-                                              wavelength regimes and why there is                                              such a difference. For this we need to                                              include morphological parameters in                                              the optical and X-rays and to look for                                              their correlation properties. We already                                              know that cluster compactness plays a                                              crucial role in these relations. The final                                              goal here is to provide the means to                                              predict from the well-characterised ap-
and a second slightly more diffuse clus-
ter component stretching out to theNorth-East.   To assess the gravitational mass ofthis cluster we use the hot gas densityprofile obtained from the X-ray imageand the temperature distribution in thehot gas derived from the X-ray spectra(the temperature profile is similar to thatshown in Figure 4 but indicating a bulktemperature around 7 keV). From thisvery preliminary analysis we estimate amass of about 2 · 1015 M within a ra-dius of 1.5h–1 Mpc.   This is only one of a well-selectedsample of 16 REFLEX clusters whichhave already been scheduled for XMM-Newton observations and which we arealso studying and plan to study in theoptical. The results of these studies willprovide very important details on thecluster composition, dynamical state,and galaxy population of these systemsand on the system-to-system varia-tions. They will also help to solve an-other important problem. Selectinggalaxy clusters in X-rays and in the op-
Figure 12: XMM-Newton EPN image of
RXCJ1131.9-1955. The image was smoothedby a Gaussian filter with σ = 16 arcsec.30pearance of the cluster in one wave-length band its properties in the other.This would be very valuable for themany planned future surveys either inX-rays or the optical.    To extend this work to the study ofstar-formation rates as a function ofgalaxy and matter density in the clusterenvironment, a closer inspection of thedynamical state of clusters by compari-son of optical velocity data and X-rayresults, and a better understanding ofthe connection between the clusterstructure and the large-scale struc-ture filamentary network, we have pro-posed detailed spectroscopic studieswith the forthcoming VIMOS instru-ment. Of the order of 2000 galaxy spec-tra could be obtained in less than onenight, providing an unprecedentedspectroscopic census of the galaxypopulation of the clusters and their sur-roundings almost into the dwarf regime.This in-depth study is bound to providenew insights into cluster as well as          Figure 13: Number count sky density of the REFLEX II survey clusters and cluster candidatesgalaxy evolution.                             as a function of X-ray flux. The solid line gives the total list of clusters and still-to-observe                                              cluster candidates, while the dashed line designates the confirmed clusters with redshifts.                                              The thin line indicates a logarithmic slope of –1.4, the slope approximately expected for a7. Outlook                                    complete sample. The two vertical bars indicate the flux limit of REFLEX and the prospected                                              flux limit of REFLEX II, 1.8 · 10–12 erg s–1 cm–2. Note, that a high completeness is still to be   Having now well tested the reliability     expected for REFLEX II flux limit.of the REFLEX catalogue by a series ofinvestigations and having demonstrat-ed its scientific value, not least by the     particular the extended sample, taken              Böhringer, H., Voges, W., Huchra, J.P.,studies described here, we are prepar-        together with NORAS, which will pro-                 Giacconi, R., Rosati, P., McLean, B.,ing the publication of the catalogue of       vide a denser sampling of the cluster                Mader, J., Schuecker, P., Simic, D.,the REFLEX I Survey as conducted              distribution in space will allow us not              Komossa, S., Reiprich, T.H., Retzlaff, J.,within the frame of the ESO key pro-          only to improve the statistical measures             & Trumper, J., 2000, ApJS, 129, 435.                                              of large-scale structure but also to look,         Böhringer, H., Schuecker, P., Guzzo, L., etgramme “A Redshift Survey of                                                                                                   al., 2001, A&A, 369, 826–850.Southern ROSAT Clusters of Galaxies”          for example for alignment effects, su-                                                                                                 Böhringer, H., Collins, C.A., Guzzo,prospectively for January 2002. This          percluster structure, and to attempt a               L.,Schuecker, P., Voges, W., Neumann,survey is restricted to a flux limit well     three-dimensional reconstruction of the              D.M., Schindler, S., DeGrandi, S.,above the depth of the ROSAT All-Sky          dark matter distribution. In addition the            Chincarini, G., Cruddace, R.G., Edge,Survey which guarantees that clusters         cluster catalogue will serve as a shop-              A.C., Shaver, P., 2002, ApJ, 566, 1.are still well characterised as X-ray         ping list for many future studies of clus-         Collins, C.A., Guzzo, L., Böhringer, H.,sources. We have explored the value of        ter physics.                                         Schuecker, P., Chincarini, G., Cruddace,a further extension of the REFLEX                                                                  R., De Grandi, S., Neumann, D., Schind-Survey and found that it is still possible                                                         ler, S., & Voges, W., 2000, MNRAS, 319,to essentially preserve most of the           References                                           939.sample quality while extending the flux                                                          Guzzo, L., Böhringer, H., Schuecker, P., etlimit from presently 3 · 10–12 erg s–1        Abell, G.O., 1958, ApJS, 3, 211.                     al. 1999, The Messenger, 95, 27.                                                                                                 Lauer, T.R. & Postman, M., 1994, ApJ, 425,cm–2 to a value of ~ 1.8 · 10–12 erg s–1      Abell, G.O., Corwin, H.G. & Olowin, R.P.,                                                1989, ApJS, 70, 1.                                 418.cm–2. This increases the sample from                                                             Lynam, P.D., Collins, C.A., James, P.A.,currently 452 to about 900 clusters pro-      Andreani, P., Böhringer, H., Dall’Oglio, G.,                                                Martinis, L., Shaver, P., Lemke, R., Ny-           Böhringer, H., Neumann, D.M., 2002, MN-viding a significantly higher precision                                                            RAS, to be submitted.                                                man, L.-A, Booth, R., Pizzo, L., Whyborn,for the measurement of large-scale                                                               Reiprich, T.H. & Böhringer, H., 2002, ApJ, in                                                N., Tanaka, Y., Liang, H., 1999, ApJ, 513,structure and cosmological parame-              23.                                                press.ters. We have already embarked on             Barone, L.T., Molinari, E., Böhringer, H.,         Schuecker, P., Böhringer, H., Guzzo, L.,this extension with the REFLEX II pro-          Chincarini, G., Collins, C.A., Guzzo, L., Ly-      Collins, C.A., Neumann, D.M., Schindler,gramme and so far conducted three fur-          nam, P.D., Neumann, D.M., Reiprich, T.H.,          S., Voges, W., Chincarini, G., Cruddace,ther observing runs at the ESO 3.6-m            Schindler, S., Schuecker, P., 2000, in Con-        R.G., De Grandi, S., Edge, A.C., Muller,telescope. A number count diagram of            structing the Universe with Clusters of Gal-       V., Reiprich, T.H., Retzlaff, J., & Shaver,the clusters and cluster candidates is          axies, IAP 2000 meeting, Paris, France,            P., 2001a, A&A, 368, 86.shown in Figure 13. It illustrates how lit-     July 2000, Florence Durret & Daniel              Schuecker, P., Böhringer, H., Reiprich, T.H.,                                                Gerbal Eds., available on CD-Rom and at            Feretti, L., 2001b, A&A, in press.tle is left to complete the survey with a                                                http://www.iap.fr/Conferences/Colloque/          Tucker, W. H., Tananbaum, H., Remillard, R.high degree of completeness. With                                                coll2000/contributions.                            A., 1995, ApJ, 444, 532.about three further campaigns we can          Bertin, e. & Arnouts, S., 1996, A&A Suppl.,        Tucker, W., Blanco, P., Rappoport, S., David,finish this extension project.                  117, 393.                                          L., Fabricant, D., Falco, E. E., Forman,   We could continue describing further       Böhringer, H., Guzzo, L., Collins, C.A., et al.,     W., Dressler, A., Ramella, M., 1998, ApJ,important REFLEX-based studies. In              1998, The Messenger, 94, 21.                       496, 5.
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1. Why Measure Stellar Acoustic                 quakes propagate through the Earth. In        spherical-shell cavity between the stel-   Oscillations?                                a way, they show us the method need-          lar surface and a specific inner layer.                                                ed to study the inside of a star. By          Frequencies and amplitudes of these   The physics of stellar interiors is poor-    chance almost every star undergoes            oscillation modes depend on the physi-ly known. There are serious uncertain-          perturbations that generate seismic           cal conditions prevailing in the layersties about the modelling of the inner           waves (see Fig. 1). The principle is to       crossed by the waves and provide astructure and about the stellar evolution.      detect and measure seismic oscillation        powerful seismological tool. Helioseis-The main problem is the lack of obser-          modes of a star in order to understand        mology led to major revisions in thevational constraints. We have usually           its inner structure.                          “standard model” of the Sun and pro-only two observables: the effective tem-                                                      vided for instance measures of theperature and the luminosity. In some            2. Acoustic Spectrum of Solar-                sun’s inner rotation, the size of the con-cases, the detailed analysis of the spec-          like Stars                                 vective zone and the structure of thetrum allows us to determine surface                                                           external layers.abundances and to estimate surface                 The discovery of the propagating              Each oscillation mode can be char-gravity. However, all these observables         sound waves in the Sun by Leighton et         acterised by the two quantum numberstrace only the physical conditions pre-         al. (1962) and their interpretation by        n and I which are respectively thevailing in a thin layer of the stellar inter-   Ulrich (1970) has opened a new area in        radial order (see footnote number 1)nal structure, the photosphere. Masses          stellar physics. Since the Sun is a           and the angular degree (see footnoteand radius are known for a limited num-         sphere of hot gas, its interior transmits     number 2) of modes. In stars whereber of double systems. As a conse-              acoustic waves very well. Convection          the disk is not resolved, it is onlyquence, the stellar internal structure and      near the stellar surface produces vigor-      possible to measure the lowest-degreethe evolution theory is not well tested.        ous turbulent flows that generate a           modes (I ≤ 3). Fortunately, these modes   Geologists learn about the inner             broad spectrum of random acoustical           are especially interesting because theystructure of our planet by monitoring           waves. The process of destructive and         penetrate more deeply into the stellarhow seismic waves generated by earth-           constructive interferences transforms         interior and probe the physical condi-                                                                        this random con-      tions near the stellar core. The p-mode                                                                        vective noise         oscillations produce a characteristic                                                                        into a very rich      comb-like structure in the power spec-                                                                        acoustic spec-        trum with mode frequencies νn, l well                                                                        trum in the sub-      approximated by the asymptotic rela-                                                                        audible domain        tion:                                                                        with periods of                                                                        few minutes (see                                                                        Fig. 2). The re-                                                                        sulting oscilla-                                                                                                 The parameters ∆ν0, ε and δν0 are re-                                                                        tions are pres-                                                                                              lated to the stellar structure. The large                                                                        sure waves, also                                                                                              separation ∆ν0 reflects the average                                                                        called p-modes.                                                                                              stellar density while ε is related to the                                                                        Each acoustic                                                                                              physical conditions at the boundaries of                                                                        eigenmode is                                                                                              the acoustic cavity and therefore it is                                                                        trapped in a                                                                                              sensitive to physical conditions in the                                                                                              surface layers. The small separation                                                                                              δν0 depends on the mean molecular                                                                                              weight down to the central regions of                                                                                              the star and it is thus an indicator of the                                                                        Figure 1:             stellar age. A considerable advantage                                                                        Schematic loca-       of the asteroseismology comes from                                                                        tion of classes of    the fact that the measurement of the                                                                        pulsating stars in                                                                        the HR diagram.                                                                                              frequencies νn,l and their amplitudes                                                                        Solar-like stars      Aosc allows to constrain directly the in-                                                                        correspond to         ternal structure of models independent-                                                                        stars with inter-     ly of any intermediate steps like radia-                                                                        mediate masses        tion transfer in the atmosphere or pho-                                                                        near the main         tometric calibrations.                                                                        sequence. This           The oscillation characteristics of so-                                                                        class undergoes       lar-like stars are expected in first ap-                                                                        nonradial oscilla-    proximation to scale from solar values                                                                        tions generated                                                                        by the stochastic                                                                                              (Kjeldsen & Bedding 1995) as a func-                                                                        excitation of their                                                                        outer convective        1Number   of nodes in the radial direction.                                                                                                2Number   of nodes around a circumference.                                                                        zone.
32                                                                                                        ally they have reached the accuracy                                                                                                        needed to detect p-mode oscillations                                                                                                        from the ground on bright solar-like stars.

                                                                                                        3. Listen to Solar-like Stars
                                                                                                           by Precise Doppler                                                                                                           Measurements                                                                                                           The detection of acoustic oscillations                                                                                                        of stars needs long and intensive se-                                                                                                        quences of high-precision radial veloci-                                                                                                        ty measurements. In order to reach a                                                                                                        precision of few m s–1 one needs first                                                                                                        high flux and enough spectral informa-                                                                                                        tion to compute the radial velocity with-                                                                                                        out being limited by photon noise.                                                                                                        Second, a stable wavelength reference                                                                                                        is necessary to measure and to correct                                                                                                        systematic errors of the spectrograph.                                                                                                        The photon noise limit depends on the                                                                                                        wavelength spectral range and on the                                                                                                        spectral resolution of the spectrograph.                                                                                                        It depends as well on the spectral type                                                                                                        and the rotational broadening v sin iFigure 2: Acoustic spectrum of the full solar disk (Grec et al. 1983) showing the presence of           (see footnote number 4) of the star. Aseveral tens of eigen frequencies with periods in the range 3 to 8 minutes. The individualDoppler amplitudes of these acoustic modes are lower than 25 cm s–1.                                                                                                        detailed analysis of the fundamental                                                                                                        photon noise limit on radial velocity                                                                                                        measurements can be found in Bouchytion of the stellar luminosity (or radius),      ppm (see footnote number 3) while they                 et al. (2001). For illustration, Figure 4mass and temperature according to:               are in the range 10–100 cm s–1 in radi-                shows the expected radial velocity er-                                                 al velocity measurements. Photometric                  rors with the high-resolution echelle                                                 measurements made from ground are                      spectrograph CORALIE (Queloz et al.                                                 strongly limited by scintillation noise. To            2001) for a 100 s exposure time on a                                                 reach the needed accuracy it actually                  5th-magnitude star versus effective                                                 requires measurements made from                        temperature and rotational broadening.                                                 space. The accuracy of Doppler spec-                      Essentially two different methods can                                                 troscopy has recently been improved,                   be used to gather precise Doppler                                                 mostly driven by intensive search for                  measurements (see Fig. 5). Both mon-                                                 extra-solar planet programmes. Actu-                                                                                                            4Equatorial stellar velocity projected on the line                                                   3Part per million or 10–6 L where L is the stellar   of sight causing Doppler broadening of the stellar   Solar-like oscillation modes generate         luminosity.                                            lines.periodic motions of the stellar surface(see Fig. 3) with periods in the range3–30 mn but with extremely small am-plitudes. Essentially two methods existto detect such a motion: photometryand Doppler spectroscopy. In photome-try, the amplitudes of the oscillation ofsolar-like stars are in the range 2–20
Figure 3: Representation of resonating
acoustic waves in the interior of a solar-likestar. Red and blue colours show the dis-         Figure 4: Radial velocity uncertainty predictions for the spectrograph CORALIE for a fluxplacement of elements in opposite direc-         given by texp (s) = 2.512mv. This spectrograph, installed on the Euler 1.2-m telescope, coverstions.                                           a spectral range of 3000 Å with a resolution of 50,000 and a total efficiency peak of 1.5%.                                                                                                                                                          33 Iodine Cell                                              Iodine Cell                         4. Recent Progress in Solar-like method                Telescope                                          Spectrograph           Seismology                                                                                                   Many attempts to detect signature of                                                                                                p-mode oscillations on solar-like stars                                                                                                have been made since the 1980’s. UntilSimultaneous                                                                                    1999, they reached only upper limits orthorium method           Telescope                                                              the detections were not very reliable.                                                                             Spectrograph                                                                                                   The first good evidence of excess                                           Thorium                                              power due to mode oscillations was ob-                                            Lamp                                                                                                tained by Martic et al. (1999) on the F5                                                                                                subgiant Procyon. Bedding et al. (2001)Figure 5: The different methods of radial velocity measurements.                                                                                                obtained a quite similar excess power                                                                                                on the G2 subgiant β Hyi, an evolveditor instrumental changes by compari-            sufficiently long duration of observation      solar-mass star that corresponds to theson with a set of stable reference lines.        to resolve and to characterise the eigen       future evolution of the Sun. These twoOne method, called the Iodine cell               frequencies with sufficient accuracy.          results have been confirmed independ-method, inserts in the input stellar             For example, in the Sun, the small sep-        ently by our group based on observa-beam an iodine cell to impress stable            aration δν0 is equal to about 9 µHz. The       tions made with the CORALIE spectro-absorption lines on the incoming star-           solar oscillation modes are broadened          graph (Carrier et al. 2001a, 2001b).light. Another method, called the si-            by their limited lifetime (few days) and          A primary and challenging target formultaneous thorium method, uses an               have a typical mean width of about             the search for p-mode oscillations wasoptical fibre for the star                                                                                    the nearby solar twin Rigillight, in conjunction with a                                                                                  Centaurus (α Cen A). Insecond fibre carrying light                                                                                   May 2001, we made forfrom a thorium lamp. A vari-                                                                                  the first time on this starant consists in replacing                                                                                     an unambiguous detec-the thorium lamp by a fixed                                                                                   tion of solar-like acousticFabry-Perot interferometer                                                                                    modes (Bouchy & Carrierilluminated by a white lamp.                                                                                  2001; Carrier et al.Both methods have recent-                                                                                     2001c). The observationsly shown precision of only                                                                                    and analysis are present-few m s–1. However, al-                                                                                       ed in the next section.though very reliable, the                                                                                         The main parameters ofiodine cell approach in-                                                                                      these three stars, Pro-creases the photon noise er-                                                                                  cyon, β Hyi and α Cen A,rors by limiting the spectral                                                                                 and the characteristic ofrange to about 1000 Å and                                                                                     their observed seismicreducing the total efficiency                                                                                 signal are reported inby a factor of ~ 2. Hence,                                                                                    Table 1 and are comparedfor a given photon noise                                                                                      with the Sun.limit, this technique re-                                                                                         The seismic parame-quires telescopes at least 2                                                                                   ters of these three starstimes larger than for an in-                                                                                   are in agreement with the                                   Figure 6: α Cen A is the brightest star of the picture. One can see thestrument using the simulta- Southern Cross on the left.                                                        expected values scaledneous thorium method.                                                                                          from the Sun. So far the    Even if the precision of                                                                                   low signal to noise ob-individual measurements of the radial            2 µHz. For these reasons, one needs            tained and the day aliasings comingvelocity is greater than 1 m s–1, period-        frequency resolution at least equal to         from the single-site window functionic Doppler variations as small as 10 cm          2 µHz to characterise the acoustic             have not allowed to identify modes ons–1 can be detected if a large amount of         modes with accuracy. This implies a du-        Procyon and β Hyi. On α Cen A, themeasurements is made. The relation               ration of observation at least equal to 6      high signal to noise obtained and thebetween mean noise level in the power            nights.                                        fact that modes are more separated inspectrum σPS and the dispersion of the              With single-site observations, the          frequency and less sensible to the daytime series Doppler measurements σobs            identification of oscillation modes can        aliasings, allow to identify them.is given by:                                     be complicated by the observation win-                                                 dow limited by the                                                 diurnal cycle. Each Table 1: Main parameters of the solar-like stars where seismologi-                                                 mode in the power cal signal was obtained.where N is the number of measure-                spectrum presentsments. If the noise is Gaussian then the         the day aliasings at                          Sun       α CMi        β Hyi     α Cen Amean noise level in the amplitude spec-          11.57 µHz. In order                                    HR2943        HR98      HR5459trum σamp is given by:                           to improve the                                                 spectral window           Spectral type       G2V       F5IV-V       G2IV         G2V                                                 and reduce these          mv                  –27        0.34        2.80         0.0                                                 aliases, it is useful     Teff (K)           5777        6530        5800        5780                                                 to realise multi-lon-     L/L                 1         7.1          3.5         1.5    For example, 400 measurements                gitude      observa-      M/M                 1         1.5          1.1        1.12with 2 m s–1 precision allow us to reach         tions as they al-a noise level in the amplitude spectrum          ready exist for helio-    Aosc (cm s–1)       23.4        50          50          31of 18 cm s–1.                                    seismology (IRIS,         νmax (mHz)          3.05         1          1.1        2.3    The difficulty is not only to reach a        BiSON,       GONG,        ∆ν0 (µHz)          134.9        55          58        105.5high signal-to-noise level but to have a         see Pallé 1997).          δν0 (µHz)            9           –           –          6.6
34Figure 7: Left: Radial velocity measurements of the star α Cen A. A 3-order polynomial fit subtraction was applied on each night. The numberof Doppler measurements and their dispersion are indicated for each night. Right: Portion of 3 hours of the radial velocity measurements ob-tained during the third night. On this part the dispersion reaches 1.25 m s–1.

5. Acoustic Waves in Solar-twin
   α Cen A5.1 Observations   The star α Cen A (see Fig. 6) wasobserved with the CORALIE fibre-fedechelle spectrograph (Queloz et al.2000) mounted on the 1.2-m Swisstelescope at the ESO La Silla Observa-tory. CORALIE is the southern hemi-sphere twin of the ELODIE spectro-graph (Baranne et al. 1996), both ofthem well known for their discoveries ofextra-solar planets. The wavelengthdomain ranges from 3875 to 6820 Årecorded on 68 orders. Using a 2k by2k CCD with 15-µm pixels, CORALIEreaches a spectral resolution of 50,000with 3-pixel sampling. The total effi-ciency including atmosphere, telescope,spectrograph and detector reaches               Figure 8: Power spectrum of 13 nights of radial velocity measurements of the star α Cen A.about 1.5% at 5500 Å in the best see-           The series of peaks between 1.8 and 2.9 mHz is the unambiguous signature of solar-like os-ing case. During stellar exposures, the         cillations.spectrum of a thorium lamp carriedby a second fibre is simultaneously             high-precision velocity measurements.            with a dead time of 110 s between ex-recorded in order to monitor the spec-             α Cen A was observed over 13 nights           posure. In total, 1850 spectra were col-trograph instability and thus to obtain         in May 2001. Exposure time was 40 s,             lected with typical signal-to-noise ratioTable 2: Mode frequencies (in µHz). The frequency resolution of the     Table 3: Upper panel: Observational constraints adopted for thetime series is 0.9 µHz. The last row shows the average large spac-      calibration of models. Lower Panel: Global characteristics deriveding ∆νn, l = νn, l – νn–1, l computed for l = 0, 1 and 2.               from the calibrated models.

                       l=0            l=1                l=2                 Models              ABV, Aov & ACM              AGD

     n   =   15                                        1833.0                M/M                  1.16 ± 0.031        1.1015 ± 0.008
     n   =   16      1841.2          1887.2            1935.0                Teff [K]               5790 ± 30             5770 ± 50     n   =   17                      1991.9            2041.5                log g                 4.32 ± 0.05           4.28 ± 0.02     n   =   18                      2095.6            2145.9                [Fe                                                                               H ]i                0.20 ± 0.02           0.22 ± 0.02     n   =   19      2152.8          2202.8            2251.3                L/L                 1.534 ± 0.103        1.572 ± 0.135     n   =   20      2258.3          2308.9            2358.3     n   =   21      2364.2          2414.2            2464.1     n   =   22      2470.0          2519.3            2568.5                Models        ABV           Aov        ACM            AGD     n   =   23      2573.2          2625.5            2672.2     n   =   24      2679.7          2733.0            2782.9                t [Myr]      2710          3530        4086         5640     n   =   25                      2837.4                                  Yi           0.284         0.279       0.271        0.300                                                                             (XZ)i       0.0443        0.0450      0.0450       0.0480     ∆ν0           105.4 ± 0.5    105.6 ± 0.4        105.5 ± 0.8             α             1.53          1.64        0.96         1.86                                                                                                                                         35Figure 9: Left: Variations of the large spacing between modes of consecutive radial order ∆νn, l = nn, l – νn – 1, l for p-modes of degree l = 0 (lightblue line), l = 1 (purple line) and l = 2 (dark blue line) versus frequency. Right: Variations of the small frequency spacing δν02 = νn,0 – νn – 1, 2versus frequency.

in the range 300–420 at 550 nm. The                µHz to the modes
data reduction, based on the optimum-              l = 1. This expectedweight procedure, is described in                  separation is nearBouchy et al. (2001). The resulting ve-            the day aliasing atlocities are presented in Figure 7. The            11.57 µHz and ex-dispersion of these measurements                   plains why they can-reaches 1.53 m s–1. The photon noise               not be identified.uncertainties coming from the stellarspectrum and from the simultaneous                 5.3 Astrophysicalthorium spectrum used in the instru-                   interpretationmental tracking are typically the sameand equal to 0.50 m s–1. The quadratic                The variation withsum of these two photon noise contri-              the frequency of thebutions is 0.70 m s–1.                             large and small                                                   spacings obtained5.2 Acoustic spectrum analysis                     from our observa-                                                   tions are compared    The power spectrum shown in                    in Figure 9 with theFigure 8 exhibits a series of peaks be-            values      deducedtween 1.8 and 2.9 mHz modulated by a               from three models                                                                            Figure 10: Radial velocity uncertainty predictions for the spectro-broad envelope. This is the typical sig-           developed by Morel graph HARPS for a flux given by t (s) = 2.512mv. This spectro-                                                                                                               expnature of solar-like oscillations and can          et al. (2000) (ABV, graph, installed at the ESO 3.6-m telescope, covers a spectralbe compared with the acoustic spec-                Aov and ACM) and range of 3000 Å with a resolution of 90,000 and a total efficiencytrum of the Sun in Figure 2.                       one model devel- peak of 4.5%.    Toward the lowest frequencies (ν <             oped by Guenther &0.6 mHz), the power rises and scales               Demarque (2000) (AGD) The observa-             to observe targets brighter than 3rd orinversely with frequency squared as ex-            tional constraints for the model calibra-      4th magnitude. But ESO has developedpected for instrumental instabilities. The         tions and the properties of the calibrat-      and develops spectrographs fullymean white noise level σPS , computed              ed models are given in Table 3. The two        adapted for Doppler asteroseismology.in the range 0.6–1.5 mHz reaches 2.39              sets of models differ essentially by the           The FEROS spectrograph based on× 10–3 m2 s–2, namely 4.3 cm s–1 in am-            estimated mass and the age of the star.        the 1.52-m telescope at La Silla obser-plitude. This noise level corresponds to              For α Cen A, our observations clear-        vatory has recently shown its capabilitya velocity accuracy of 1.05 m s–1 which            ly suggest a model with properties             to obtain high-precision radial velocityis to be compared with the estimated               intermediate between the two sets of           measurements (Setiawan et al. 2000)photon noise uncertainty of about 0.70             models, i.e. a mass near 1.13 M. The          with the simultaneous thorium method.m s–1. The average amplitude of the                age of α Cen A seems to be close to 5          Considering its very high efficiency, thehighest modes is estimated in the                  Gyr. New models of α Cen A are pres-           estimated gain is 2 magnitude com-range 29–33 cm s–1.                                ently developped by the OCA team (Pro-         pared to CORALIE.    The strongest identified modes are             vost, Berthomieu, Morel and Thevenin)              The state of the art will be the futurelisted in Table 2. The values of n and I           with different properties in order to bet-     spectrograph HARPS (High Accuracyare deduced from the asymptotic rela-              ter interpret the observed oscillations.       Radial velocity Planetary Searcher)tion with parameter ε estimated to 1.41.                                                          which will be installed on the 3.6-m    The average large and small spacing            6. Future Prospects                            ESO telescope at La Silla observatoryare deduced from this table:                           with ESO Instruments                       (Queloz et al. 2001). This instrument is                                                                                                  optimised and dedicated to high-preci-      < ∆ν0 > = < νn, l – νn – 1, l > =                                                      This result on a Cen A demonstrates         sion radial velocity measurements and           105.5 ± 0.3 µHz,                        the power of the simultaneous thorium          it is designed to reach 1 m s–1 precision.                                                   radial velocity method and shows that          A detailed photon noise study for      < δν0 > = < νn, 0 – νn – 1, 2 > =                                                   Doppler asteroseismology can be fur-           HARPS can be found in Bouchy et al.             6.6 ± 0.4 µHz.                        ther developed from the ground. With           (2001). The expected radial velocity er-  The modes corresponding to l = 3 are             the CORALIE spectrograph installed on          rors due to the photon noise for a 100 sexpected to be separated by about 11               a small 1.2-m telescope, we are limited        exposure time on a 5th-magnitude star36                                                                                            Acknowledgements                                                                                               We would like to thank M. Mayor who                                                                                            encourages our programme and gives                                                                                            us time allocation at the Euler Swiss                                                                                            telescope. D. Queloz and all people                                                                                            associated with the CORALIE and                                                                                            HARPS projects are acknowledged for                                                                                            their help and for ongoing discussions                                                                                            and helpful comments.
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Discovery of Lead Stars with the ESO 3.6-m
Telescope and CESS. VAN ECK (Institut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles),svaneck@astro.ulb.ac.beS. GORIELY and A. JORISSEN (Institut d’Astronomie, Bruxelles),and B. PLEZ (GRAAL, Montpellier)1. The Synthesis of Elements                 feeding the stellar energy. They require       the neutron-capture process will either   Heavier than Iron in Stars                instead that pre-existing seed nuclei,         be dubbed slow (s-process: τβ < τn) or                                             like the abundant iron-group elements,         rapid (r-process: τβ > τn). The r-process   In a seminal paper, Burbidge et al.       form heavier and heavier nuclei by suc-        occurs during the supernova event, and(1957) lay the foundations of our un-        cessive captures of neutrons. In this          is able to produce heavy elements up toderstanding of the origin of the ele-        neutron-capture chain, unstable nuclei         the actinides (Th, U). These actinidesments heavier than iron: these ele-          are formed. Depending on the respec-           are injected into the interstellar mediumments cannot be formed by the main-          tive time scales for β-decay and neu-          by the supernova remnant, and arestream nucleosynthesis processes             tron-capture (respectively τβ and τn),         subsequently incorporated into the next
                                                                                                                                         37                                                                                                 stringent prediction, expressed by Go-                                                                                                 riely & Mowlavi (2000ab), is that low-                                                                                                 metallicity AGB stars should exhibit                                                                                                 large overabundances of Pb-Bi as com-                                                                                                 pared to lighter s-elements. This is be-                                                                                                 cause at low metallicities the pre-                                                                                                 existing seed nuclei are comparatively                                                                                                 less abundant, so that the available                                                                                                 neutrons are then numerous enough                                                                                                 to convert all the seed nuclei into                                                                                                 Pb and Bi. Within the PMP scenario,                                                                                                 the prediction that [Pb/s] should be                                                                                                 large (where [A/X] ≡ log(NA/NX) –                                                                                                 log(NA/NX), and s stands for any ele-                                                                                                 ment produced by the s-process) is                                                                                                 found to be quite robust with respect to                                                                                                 the model parameters (like the abun-                                                                                                 dance profile of the protons in the par-                                                                                                 tially mixed layers, or the extent of the                                                                                                 partial mixing zone) and uncertainties                                                                                                 (e.g., reaction rates). All s-process en-                                                                                                 riched AGB stars with metallicitiesFigure 1: Temporal evolution of the structure of the intershell region of an AGB star, sketch-   [Fe/H] ≤ –1.3 are thus predicted to being the partial proton mixing in the He intershell zone, and the subsequent s-process nucle-     ‘Pb stars’ (Goriely & Mowlavi 2000a),osynthesis occurring in the region depicted with rainbow colours.                                independently of their mass or metal-                                                                                                 licity (provided the partial mixing of pro-                                                                                                 tons takes place). ‘Pb stars’ are char-generation of stars, at the surface of           that the transport processes accompa-           acterised not only by large [Pb/Fe] andwhich they may be observed. A suc-               nying the 3DUP could induce the re-             [s/Fe] abundance ratios, but also bycess in that story has recently been             quired partial mixing of protons (PMP).         large [Pb/s] abundance ratios. In partic-achieved by a member of this team                    Although this scenario is nowadays          ular, [Pb/hs] (where hs denotes the so-(BP) who reported the detection of               the most widely accepted one, its main          called heavy s-process elements suchUranium in the atmosphere of a very              ingredient (the partial mixing of protons       as Ba, La or Ce) ratios as large as 1.5metal-poor star using UVES (Cayrel et            in the deep carbon-rich layers) cannot          are predicted by Goriely & Mowlavial. 2001).                                       yet be derived from first physical princi-      (2000a) in AGB stars with [Fe/H] ≤ –1.3.   The s-process operates in stars ei-           ples due to the difficulties inherent tother during core He-burning in massive           the description of convection, diffusion        2. Observations:stars (Prantzos et al. 1987) or during           or rotational transport in 1-D models.             A Success Storythe asymptotic giant branch (AGB)                    It is therefore of prime importance tophase in the evolution of low- and inter-        devise predictions that may test this              With this prediction about the exis-mediate-mass stars (e.g., Gallino et al.         proton mixing scenario against abun-            tence of Pb stars in hand (first present-1998). At that phase, stars develop a            dance observations. Although the pres-          ed at the 1999 Liège Astrophysical Col-complex structure, consisting of a de-           ence of the unstable element Tc (whose          loquium: Goriely & Mowlavi 2000b), wegenerate core, H- and He-burning lay-            isotope 99Tc is produced by the s-              rushed to introduce an ESO observingers, and a deep convective envelope              process and has a half(Fig. 1). The double-shell structure is          life of only 2.1 × 105 y)thermally unstable, with a thermal run-          at the surface of S starsaway (‘thermal pulse’) occurring recur-          (e.g., Van Eck & Joris-rently in the He-burning layer. The en-          sen 1999) clearly indi-ergy liberated by this thermal pulse dis-        cates that the s-pro-turbs the envelope, which then relaxes           cess takes place inthrough a temporary deepening of its             these AGB stars, itlower boundary. The convective enve-             does not provide stronglope then penetrates the intershell re-          constraints on its de-gion where He-burning operated in a              tailed operation. A moreconvective pocket associated with thethermal pulse (Fig. 1). With this mixingprocess, called the ‘third dredge-up’                                                 Figure 2: The CES spec-(3DUP), elements produced in the in-             tra were obtained withtershell zone are brought into the con-          the medium-resolutionvective envelope, and hence become               image slicer and thevisible at the stellar surface. Carbon           thinned, back-side illumi-stars are formed in this way during the          nated CCD#61 (EEV, 2KAGB.                                             × 4K pixels) yielding a   Neutrons may possibly be produced             resolution of 135,000;in this context through the reaction             exposure times lie in thechain 12C(p,γ)13N(β)13C(α,n)16O if pro-          range 1 h 30 to 2 h 30.                                                 Note how strong the Pb Itons from the hydrogen shell can be              λ405.781 nm line is inpartially mixed downward into the inter-         the three CH stars. It isshell zone enriched in 12C from the for-         absent in themer thermal pulse.                               comparison R star   Recent studies (Herwig et al. 1997,           HD 218875 (lowerLanger et al. 1999) have suggested               spectrum).
38                                                                    Figure 3: Comparison          Although this good agreement strong-                                                                    between the ob-            ly supports the PMP mechanism for the                                                                    served spectrum            operation of the s-process in AGB                                                                    of HD 196944 with          stars, alarm signals came in at about                                                                    synthetic spectra                                                                    corresponding to                                                                                               the same time from the observations by                                                                    [s/Fe] = 0 (thin           Aoki et al. (2001) of [Pb/hs] ratios not                                                                    solid line; in this case   larger than 0.4 (despite large Pb over-                                                                    the Pb line is not         abundances of the order of [Pb/Fe] =                                                                    visible) and with the      2.3 to 2.6) in the slightly more metal-de-                                                                    best matching [s/Fe]       ficient carbon stars LP 625-44 and LP                                                                    abundance set as           706-7 ([Fe/H] about –2.7). Since these                                                                    given by Van Eck et        [Pb/hs] ratios are incompatible with the                                                                    al. (2001; thick solid     seemingly robust predictions from the                                                                    line).                                                                                               PMP mechanism, they raise the ques-                                                                                               tions whether the s-process operates in                                                                                               totally different ways in AGB stars with                                                                                               metallicities above and below [Fe/H] of                                                                                               about –2.5, as suggested by Fujimoto                                                                                               et al. (2000).
                                                                                               4. Future Prospectsproposal. Luck was then with us twice:      3. Comparison with Predicted                          The faintness of many other goodfirst when time was allocated at once to       Abundances                                      candidate lead stars strongly limited theour project by the OPC, and second                                                             target list for the 3.6-m telescope andwhen the finishing Chilean winter of-          Figure 4 presents the abundance                 CES. UVES offers better prospects bothfered us two good nights in September       pattern derived as described in Van Eck            on the ground of limiting magnitude and2000. The Very Long Camera of the CES       et al. (2001) for our three CH stars               of spectral coverage. Its good UV sen-fed by the 3.6-m telescope provides the     which have metallicities in the range              sitivity opens the way to the study ofideal instrumental set-up for testing our   –2.45 ≤ [Fe/H] ≤ –1.65, and compared               other Pb I lines lying in the UV, as wellprediction. Although the recently refur-    to the predictions for the operation of            as of many other heavy elements.bished CES/VLC (Kürster 1998ab) offers      the PMP in AGB stars of the same                      The different abundance patterns ob-a resolution as high as R = 235,000, we     metallicities (see Goriely & Mowlavi               served among very low-metallicity, s-chose R = 135,000 as a compromise           2000a for details about the models).               process-rich stars will undoubtedlybetween resolution and sensitivity. This    Despite the fact that few elements have            stimulate the nucleosynthesis model-set-up already allows us to separate        useful lines in the narrow (26 Å) spec-            ling of AGB stars of low (or even zero)the Pb I λ405.781 nm line from a CH         tral window offered by the CES/VLC                 metallicity, as initiated by Fujimoto et al.line lying less than 0.1 Å bluewards.       around the Pb I line, the available data           (2000) and followed by many other    As genuine low-metallicity AGB stars    are in very good agreement with the                works since then (e.g., Goriely & Siess,are rare in the solar neighbourhood, the    PMP predictions.                                   2001).target list comprised CH stars instead,a class of low-metallicity binary starswhose atmosphere bears the evidencefor pollution by s-process-rich matter,probably coming from their companionformerly on the AGB (now a dim whitedwarf; McClure & Woodsworth 1990).    At the telescope, it was immediatelyobvious that all the CH stars targeted      Figure 4: Compari-by the programme had a very strong          son of the observed                                            abundances withPb I line. Figure 2 compares the CES/       PMP abundanceVLC spectra of CH stars with that of a      predictions. Thewarm carbon comparison star of spec-        model abundancestral type R which does not appear to be     are obtained as de-enriched in lead.                           scribed in Goriely &    The abundances were derived from        Mowlavi (2000a) forspectral synthesis in the 404.5–407.1       stars of the samenm spectral window using POSMARCS           metallicities as themodel atmospheres (Plez et al. 1992)        programme stars.                                            The abundances arematching their CNO abundances and           given in the scalemetallicity. Solar oscillator strengths     log(εH) = 12. Thewere derived from a synthesis of the        upper panel (a) dis-solar spectrum, except for the 405.781      plays as well the so-nm Pb I line, for which the laboratory      lar system r-value log g f = –0.22 has been adopted      abundance distribu-(Biémont et al., 2000). Although efforts    tion normalised towere made to improve upon existing          Ce. This comparisonCN and CH line lists, the larger errors     clearly shows that                                            the large [Pb/hs]affecting the abundances in the two         ~ 1.2 abundancecarbon-rich stars (HD 187861 and HD         ratio cannot be224959, see Figure 4 and Van Eck et         understood in termsal. 2001) are mainly due to remaining       of an r-processinaccuracies in the CN line list.           enrichment.
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SIMBA Explores the Southern Sky
L.-Å. NYMAN and M. LERNER, SEST and Onsala Space ObservatoryM. NIELBOCK, M. ANCIAUX and K. BROOKS, ESOR. CHINI, M. ALBRECHT and R. LEMKE, Astronomical Institute of Ruhr University of BochumE. KREYSA and R. ZYLKA, Max Planck Institute for Radio AstronomyL.E.B. JOHANSSON, Onsala Space ObservatoryL. BRONFMAN, Department of Astronomy, University of ChileS. KONTINEN, Observatory, University of HelsinkiH. LINZ and B. STECKLUM, Thüringer Landessternwarte TautenburgSIMBA                                          Southern sky (the Hubble deep field                 distance of 470 pc. This region also en-                                               South, the Chandra deep field, and the              compasses the brightest millimetre   SIMBA (the SEST Imaging Bolo-               Phoenix deep field) have been obtained.             peaks of the SIMBA map, coincidentmeter Array) was installed on the SEST            The SIMBA images presented in this               with the Becklin-Neugebauer (BN) ob-in June this year through a collabora-         article are preliminary in the sense that           ject adjacent to the Kleinmann-Low (KL)tion between the University of Bochum,         they were reduced with the on-line data             Nebula. The BN object is thought to bethe Max-Planck-Institute for Radio             reduction system. The data reduction                a young massive star of about 25 LAstronomy, the Swedish National                software MOPSI – which so far has                   with a considerable mass loss.Facility for Radio Astronomy and ESO.          only been used for data obtained with a                Both M 42 and OMC-1 are regions ofIt is a 37-channel bolometer array             chopping secondary – is presently be-               current massive star formation. OMC-1operating at a wavelength of 1.2 mm.           ing adapted to the fast scanning mode               itself is heated by stars from the nearby   Images produced by SIMBA are                and it is expected that all existing maps           OB cluster within the Orion Nebula, in-taken with the telescope in a fast scan-       will improve in terms of intensity cali-            cluding the Orion Trapezium. Its UV ra-ning mode with speeds up to 160″/s             bration and noise performance. Conse-               diation is also responsible for photodis-without using a nutating subreflector.         quently, parts of extended, faint emis-             sociation regions (PDR) on the surfaceThe beam size of SEST is 24″ at 1.2            sion might have escaped detection so                of OMC-1 and southern parts of OMC-2.mm and the pixel size in the SIMBA             far but should appear more frequently                  OMC-2 and OMC-3 also show star-maps presented here is set to 8″. A map        after the upgrade.                                  formation activity which is obvious fromwith a size of 15′ by 6′ with a rms noise                                                          the numerous dense cores locatedof 40–50 mJy is obtained in only 12 min-       The Orion region                                    within the filament. Some of them coin-utes. More technical information about                                                             cide with VLA radio sources, which isSIMBA is given on the SEST home                   Figure 1 displays the SIMBA map of               usually a sign of free-free emissionpage, and preliminary results were pre-        the entire integral shaped Orion A mo-              from bow shocks of protostellar molec-sented in ESO Press Release 20/01.             lecular cloud complex at a wavelength               ular outflows. In contrast to OMC-1,   The strength of SIMBA is certainly          of 1.2 mm. It has been created from 13              however, preferably low-mass stars arethe efficient coverage of large areas in       single maps during a total integration              created there. Both OMC-2 and OMC-3a short time. It has therefore been used       time of about 3.5 hours. The 1-sigma                possess comparable amounts of gasto map and survey regions of star for-         residual noise is about 40 mJy/beam.                and dust, although OMC-3 seems to bemation in our own Galaxy as well as in            The OrionA complex is usually divided            less evolved than OMC-2. Six of tennearby galaxies where cold dust and            into three regions, known as OMC-1,                 compact millimetre sources in OMC-3ionised regions emit strongly at 1.2 mm        OMC-2 and OMC-3 (right panel), and                  have been identified as Class 0 proto-wavelength. SIMBA has also been used           the Orion Nebula (M 42) which belongs               stars, while all sources in OMC-2 are atto study planetary nebulae, quasars,           to the most luminous HII regions known.             least of Class I. Furthermore, tempera-and maps of the deep fields in the             M42 is located in front of OMC-1 at a               tures are lower and outflows are less
40                                                                                                  η Carinae and the Keyhole                                                                                                  Nebula                                                                                                     The Keyhole Nebula is part of the                                                                                                  Carina Nebula, an HII region/molecular                                                                                                  cloud complex at a distance of 2.2 kpc.                                                                                                  Herschel (1847) was the first to note                                                                                                  the interesting optical features of the                                                                                                  Keyhole Nebula which include bright                                                                                                  arcs and filaments interwoven with dark                                                                                                  patches, the most prominent of which is                                                                                                  in the shape of a keyhole (see Malin                                                                                                  1993). The region is associated with                                                                                                  Trumpler 16, an open cluster that con-                                                                                                  tains numerous massive stars, includ-                                                                                                  ing three O3-type stars as well as one                                                                                                  of the most massive stars known – η Car.                                                                                                  Such a high concentration of massive                                                                                                  stars has created an extremely harsh                                                                                                  environment within the Keyhole Nebula.                                                                                                  There are bright ionisation fronts with                                                                                                  complex kinematics and all that re-                                                                                                  mains of the GMC in this region are                                                                                                  externally heated molecular globules.                                                                                                       Figure 2 shows a SIMBA map of                                                                                                  η Car and the surrounding regions. In                                                                                                  addition to emission from η Car, there                                                                                                  is a striking linear ridge of emission that                                                                                                  extends more than 1 arcmin in length                                                                                                  with a gap near the centre. Surrounding                                                                                                  this ridge are a number of smaller emis-                                                                                                  sion clumps, one of which is located inFigure 1: The Orion A molecular cloud complex. The left image shows the 1.2 mm SIMBA              the north and is in the shape of an arcmap. Some sources and regions of special interest are shown in the contour plot to the right.     that curves towards η Car. The emissionThe circle in the lower or upper left corner seen in all figures except Fig. 4 depicts the SEST   detected by SIMBA closely follows thebeamsize at 1.2 mm (24″ FWHM).                                                                                                  distribution of the 4.8-GHz continuum                                                                                                  emission, which arises from thermalenergetic in OMC-3 than in OMC-2.                to 6 Myr age lie in front of the Orion           emission from ionised gas associatedThis suggests an evolutionary trend in           nebula, where the next chapter of star           with one of the peaks in the Carina HIIthe star formation history in Orion. Actu-       formation took place. The evolution              region (Car II). The main emission com-ally, it can be traced back to the Orion         headed farther away from us to OMC-              ponents are thought to be ionisationbelt with a group of 6 to 12 Myr old             1, before turning back to the north and          fronts possibly originating from η Car. Itstars. From there it advanced to the re-         finally reaching the currently youngest          is not clear what is responsible for theirgion of Orion’s sword, where stars of 3          region, OMC-3.                                   striking shapes.
Figure 2: η Carinae and the Keyhole Nebula. η Carina is the bright        Figure 3: 1.2 mm emission from a dense core in the Norma spiral armregion to the left in the map. The contours overlayed on the SIMBA        tangent point. The contours outline the 8.3 micron emission obtainedmap show the free-free emission from ionised gas at 4.8 GHz taken         with the MSX satellite.from a map obtained with the Australia Telescope Compact Array.
                                                                                                                                          41                                                                                          catalogue) almost coincides with the                                                                                          1.2 mm peak at the offset position (5′,                                                                                          –4′). It might be the youngest (massive)                                                                                          protostar seen so far.

                                                                                          The R CrA Star Forming Region

                                                                                             The Coronae Australis dark cloud
                                                                                          complex is a nearby (130 pc) region of                                                                                          low-mass star formation. The cloud can                                                                                          be divided roughly into two parts; the                                                                                          north-western dense gas region, known                                                                                          as the R CrA core, and the south-east-                                                                                          ern tail consisting of a quiescent dense                                                                                          core. The cloud complex is located 17                                                                                          to 22 degrees below the galactic plane                                                                                          in a region which appears to be free of                                                                                          foreground or background dust and                                                                                          molecular gas.                                                                                             A number of variable stars and em-                                                                                          bedded IR objects are associated with                                                                                          the R CrA Cloud. The brightest star, TY                                                                                          CrA (a Herbig Be star), has almost                                                                                          reached the main sequence. Others,                                                                                          like S CrA, T CrA, VV CrA and R CrA                                                                                          are still above the zero age main se-                                                                                          quence. Some of the infrared objects                                                                                          have optical counterparts while some                                                                                          deeply embedded objects can only be                                                                                          detected in infrared. With SIMBA, it is                                                                                          possible to detect dust emission from                                                                                          small clumps giving rise to a single star                                                                                          or a stellar system and identify larger-                                                                                          scale dust structures.Figure 4: 1.2 mm emission from an infrared dark cloud. Contours from the SIMBA map are       The SIMBA data (shown in Fig. 5),overlayed on a true colour MSX image.                                                     taken together with the C18O and C17O                                                                                          column densities, can be used to esti-                                                                                          mate the degree of CO depletion ontoMassive Star Formation in the                 of the Midcourse Space Experiment           dust grains. This is important becauseNorma Spiral Arm                              (MSX). These clouds have MIR extinc-        the freezing out of gaseous species                                              tion values in excess of 2 magnitudes       onto grain surfaces strongly affects the   The Norma Spiral Arm contains the          at 8 micron and are thought to contain      physical and chemical properties ofmost massive molecular clouds as well         cold (T < 20 K) and dense (n(H2) > 105      molecular clouds. This includes theas the most luminous regions of mas-          cm–3) material. Until now only a few        deuterium fractionation and the degreesive star formation in the Galactic disk.     IRDCs are examined in more detail.          of ionisation, one of the fundamentalEight embedded regions of OB star for-        Several southern IRDCs were mapped          parameters regulating the rate of starmation (identified in a survey of IRAS        with SIMBA to trace possible mm dust        formation, through the ion-neutral driftpoint sources with FIR colours of UC          emission arising from the cold dust         or ambipolar diffusion process. WithH II regions), situated in the spiral arm’s   within the clouds. Figure 4 displays an     SIMBA maps combined with spectraltangent at l ~ 330 deg and at a dis-          interesting example of a non-spherical      line observations, it is possible to cor-tance of 7 kpc from the sun, have             IRDC in the farther vicinity of a site of   relate the dust emission characteristicsbeen previously mapped in CS(2-1)             massive star formation. The contours        with the degree of depletion and thewith the SEST. Figure 3 shows the             are overlaid on a true colour MSX im-       chemical composition of dense clumps.SIMBA map of one of these dense               age which shows the 8, 13, and 21 mi-       This might reveal the importance ofcores; the most extended one (20 pc ×         cron emission coded blue, green, and        chemistry and depletion vs. desorption20 pc) observed so far in CS emission.        red. The blue background results from       for the dynamical evolution of theAs traced by SIMBA, it apparently con-        the higher sensitivity and the ubiquitous   cloud.tains UC HII regions, and more inter-         PAH emission features covered by this          A region of 40′ times 20′ was ob-estingly several massive stars in earlier     band. This can be compared to the           served with the SIMBA. The mappedstages of evolution. These data are           case of the Orion Trapezium region          area consists of 40 fast maps, varyingconsistent with a scenario of massive         where the silhouette proplyds are seen      from 400″ × 900″ to 792″ × 1400″ instar formation occurring by fragmenta-        against the optical emission. The super-    size. The faint sources at the south-tion and condensation of the gas within       imposed SIMBA 1.2 mm contours in the        eastern quiescent core were resolvedthe dense cores of giant molecular            right upper part match nicely the dark      with 20 fast maps, which equals rough-clouds.                                       extincted region in the MSX image. A        ly 10 hours of observations. The other                                              more extended lane of emission reach-       20 scans were used to map the cen-Infrared Dark Clouds                          es down to the bright MIR region where      tral and northwestern region of the                                              several Galactic radio sources as well      cloud.   The presence of a large number             as OH, H2O and methanol masers areof so-called InfraRed Dark Clouds             located. Star formation probably started    The Dark Globule B68(IRDCs) was revealed by a mid-infrared        at the eastern end and spread alongsurvey of the Galactic plane conducted        the filament. In fact, a very red source      Stars form within dark clouds. Whilewith the SPIRIT III instrument on board       (which is not included even in the MSX      the study of protostars has been quite42successful during recent years, little isknown about the initial conditions ofstar formation, i.e. the internal struc-ture of the parental clouds. This ismainly due to the unknown amount ofmolecular hydrogen, which cannot beobserved directly at the low tempera-tures of the clouds. The traditional wayout of this dilemma was so fareither to use tracer molecules such asCO and correlate their emission withthe molecular hydrogen column densityor to measure the optically thin emis-sion of dust and derive the gas mass byadopting a gas-to-dust ratio. Bothmethods are based on a couple of as-sumptions on unknown conversion fac-tors, which makes the determination ofthe amount of molecular hydrogenrather uncertain.   Recently, a new method to determinethe line-of-sight distribution of dust indark clouds has been applied success-         Figure 5: A SIMBA map of the low-mass star forming region R CrA. The contours show thefully to some starless clouds like e.g. B     integrated C18O(1-0) emission from a map obtained by Harju et al. (1993) taken with the68 (Alves et al. 2001). The extinction        SEST. The lowest levels in the SIMBA map are set to reveal possible faint, extended structures.could be directly measured from vari-ous IR colours towards backgroundstars, yielding detailed maps of the dust     30 Dor and N159                                  respectively. Both regions show an ex-column density. The penetrated optical        in the Large Magellanic Cloud                    cellent agreement between the 1.2 mmdepths (to a visual extinction of about                                                        and 8.3 micron maps with respect to40 magnitudes) and the achieved spa-             In Figures 7 and 8 SIMBA maps are             peak locations and extents, while thetial resolution (about 10) were an order      presented of the 30 Doradus nebula               CO distribution, although closely asso-of magnitude higher than previously           (centred on the young cluster R 136) and         ciated with the 1.2 mm flux in general,possible from optical star count tech-        an area including the HII region N 159           deviates significantly in some cases.niques.                                       as well as prominent CO complexes.               Most notable is the lack of 1.2 mm   Using these IR techniques in parallel      The distributions of the 1.2 mm flux are         emission from the CO cloud south ofto mm imaging seems to be an ideal            compared with those at 8.3 micron                N 159. CO excitation analysis indicatestool to calibrate the mass absorption         (from the MSX satellite) and the                 that this cloud is cold with kinetic tem-coefficient at 1.2 mm by comparing the                                              12CO(1-0) emission (obtained at SEST),           peratures probably less than 15 K. It isIR-derived optical extinction with themm-derived (optically thin) emission.Once this calibration has been estab-lished for a number of starless dustclouds, the total amount of dust can bedetermined for every dark cloud, inde-pendent of its optical depth and far be-yond the capabilities of current IR tech-niques which are limited by the numberof background stars detectable at highextinctions.   The application of this method isthen wide spread. In particular, it allowsto measure the total mass and the den-sity structure of a cloud, the latter oneon various scales from the global radialdensity profile until small-scale clump-ing. In addition, it is possible to studythe initial conditions of star formation ina regime of optical depths where thecurrent promising IR techniques cannotpenetrate any longer the dust along theline of sight. Figure 6 shows a first ex-ample where we have mapped B 68with SIMBA; the image consists of 130coverages. From a preliminary analysisof the data and in comparison with theextinction map by Alves et al. (2001),we find that SIMBA traces the 1.2 mmemission until an equivalent optical ex-tinction of 10 magnitudes; lower extinc-tion values might be accessible soonwhen the reduction software has been                                              Figure 6: 1.2 mm emission from the dark globule B68. The contours are taken from the ex-optimised.                                    tinction map obtained by Alves et al. (2001).
                                                                                                                                         43Figure 7: SIMBA 1.2 mm images of the 30 Dor region in the LMC. The contours show the integrated CO(1-0) emission (left panel), and the8.3 micron contours from the MSX satellite image (right panel). The circle in the lower left corner depicts the SEST beamsize at 1.2 mm (24″FWHM).
not associated with the formation of            B 68. We acknowledge the help of                National Aeronautics and Space Ad-massive stars, in contrast to most of the       Katrin Kaempgen and Vera Hoffmeis-              ministration.CO complexes visible in these maps.             ter for reducing the B 68 data. This ar-The strongest 1.2 mm peak is associat-          ticle made use of data products fromed with a region where the warmest CO           the Midcourse Space Experiment.                 Referencescloud in the sample studied is located;         Processing of the data was funded byaccording to the CO excitation analysis         the Ballistic Missile Defense Orga-             Alves J., Lada C., Lada E., 2001, Thethe kinetic temperature of this cloud is        nization with additional support from             Messenger No. 103.in the range 40–80 K.                           NASA Office of Space Science. This              Harju et al., 1993, A&A 278, 569.                                                article has also made use of the                Herschel J.F.W., 1847, Results of Astronom-                                                                                                  ical Observations at the Cape of GoodAcknowledgements                                NASA/IPAC Infrared Science Archive,               Hope, London, p. 153.                                                which is operated by the Jet Pro-               Malin D., 1993, A View of the Universe.   We thank Joao Alves for permis-              pulsion Laboratory, California Institute          Cambridge University Press, pages 104,sion to use the extinction map of               of Technology, under contract with the            155.
Figure 8: SIMBA 1.2 mm images of the N159 region in the LMC. The contours show the integrated CO(1-0) emission (left panel), and the 8.3micron contours from the MSX satellite image (right panel).
44                  OTHER ASTRONOMICAL NEWS

News from Santiago
    With the ever-growing number of astronomers in Chile, the ESO Topical Meetings in Santiago provide an important forum for the community to meet, exchange ideas and discuss recent research.    The series started with three successive meetings in October/November 1999 (“The Distant Universe”, “Physics of Galaxies”, “From Stars to Planets”), then continued in December 2000 with a Topical Meeting oriented towards telescopes/instruments (“New Facilities for Astronomy in Chile”).    In 2001, we have complemented the series with two Topical Meetings recently held at ESO/Santiago. Below are short summaries of these lively and fruitful scientific meetings. Names in parentheses are speakers at the Workshops. Acronyms are written out at the end.            D. AlloinESO Topical Meeting:                         many puzzles still remain (e.g. the oxy-       variables (E. Mason and R. Men-“Astrophysical Niches for High               gen abundance in very metal-poor               nickent).Resolution Spectroscopy”                     stars and the issue of deep mixing),              Of course, high-resolution spectros-                                             new avenues are continually opening,           copy is not confined to the Optical andESO/Santiago, 2001 October 2–3               such as the possibility of using radioac-      several speakers discussed results inS. Ellison                                   tive isotopes for age-dating. Chemical         the IR and sub-mm regime to probe the                                             profiling was a recurrent theme of this        environments of AGN (E. Galliano) and   This Topical Meeting was held in          meeting and talks by D. Minniti, J.            to investigate the properties of star-Vitacura on October 2–3. The tech-           Arenas and D. Geisler highlighted this         forming regions (P. Cox).nique of high-resolution spectroscopy        technique in three very different popu-           With new instruments on the hori-is exploited in many areas of astrono-       lations: the Galactic bulge, the metal-        zon, such as HARPS, FLAMES andmy, as was reflected by the breadth of       poor halo and Sculptor dwarf spher-            CRIRES, the capabilities and possibili-scientific talks given over the two days     oidal.                                         ties for the future are very exciting andand the attendance of astronomers and           High resolution is essential for the        research in this domain will certainlystudents from universities in Santiago       detailed analysis of stellar magnetic          continue to blossom.and Concepción as well as several            fields due to the small scale of line split-visitors from Europe and other Latin         ting, as discussed by G. Mathys and S.American countries.                          Bagnulo.                                       ESO Topical Meeting:   One of the most exciting and widely          High-resolution spectroscopy has            “Brown Dwarfs and Planets”publicised uses of high-resolution spec-     also had an important impact ontrographs in recent years has focussed       cosmological fields. B. Leibundgut re-         ESO/Santiago, 2001 October 16on their exquisite radial velocity accura-   viewed an ESO large programme aim-             M. Sterzikcy necessary for detecting extra-solar       ing at characterising the elusive SNIaplanets.                                     progenitor population, whose nature re-           On October 16, the second in the se-   D. Queloz presented a progress            mains unknown despite its key role as          ries of the 2001 Topical Meetings atreport of the on-going planet search         a standard candle.                             ESO/Vitacura was about “Brownproject with CORALIE and reviewed               The study of high-redshift quasars          Dwarfs and Planets”. More than 30some of the important conclusions to         proves to be interesting not only for in-      participants, the majority being re-come out of this programme. The distri-      vestigation of the AGN and its environ-        searchers and students based in Chile,bution of planet masses, which exhibits      ment (P. Hall), but also as a tool for         discussed the current status and futurea sharp increase down to around 1            probing intervening matter such as the         prospects in this rapidly growing field, aJupiter mass before dropping sharply         intergalactic medium and distant galax-        field that was actually pioneered withdue to incompleteness, highlighted the       ies (S. Lopez and S. Ellison). Quasar          the discovery of the first free-floatingmotivation for future instrumentation        absorption lines remain one of the best        brown dwarf, Kelu-1, in 1997 by thesuch as HARPS, which will provide the        diagnostics of the high-redshift Uni-          Chilean astronomer M.T. Ruiz. Thenext important step in radial velocities     verse, allowing us to determine detailed       topic was introduced by a review on theby routinely providing 1 m/s accuracy        chemical profiles, probe primordial            theories of star and planet formation,(F. Pepe).                                   abundances and even measure the                in the perspective of planet searches   Another exciting prospect is using        temperature of the CMB.                        (G. Wuechterl).the transit method to detect extra-solar        European and Chilean astronomers               Then, coming to the question of dis-planets. G. Mallen-Ornelas presented         now have an exciting suite of spectro-         coveries, the whole variety of observa-some recent radial velocity follow-up        scopic capability available to them. In        tional methods employed in brownmeasurements from UVES of the first          addition to the most recent addition of        dwarf and planet search programmesextra-solar planet candidates to be de-      UVES to the ESO arsenal, the science           was discussed.tected via the transit method, an impor-     presented at this meeting utilised a              Precise radial velocity Doppler mea-tant discovery and a complement to ra-       host of instrumentation including              surements are currently the most suc-dial velocity techniques.                    FEROS (the most over-subscribed of             cessful method in discovering planetary   Stellar spectroscopy naturally had a      all ESO instruments), CORALIE and              mass companions (e.g. with the spec-significant presence at the Topical          the VLC (on the 3.6-m). Instruments            trographs CES, UVES, CORALIE andMeeting, addressing many wide-rang-          such as EMMI, which are not ded-               in the future HARPS) as was discusseding issues. Important new results have       icated high-resolution facilities also         by M. Kuerster.surfaced in the field of metal-poor stars,   offer an important contribution, as               But also direct imaging methods areas reviewed by E. Jehin. Although            demonstrated in talks on cataclysmic           now promising, ranging from Deep NIR
                                                                                                                                   45imaging with ISAAC in star-forming          was also highlighted at the meeting              In conclusion, we should expect inregions down to sensitivities of plane-     (F. Marchis).                                 the coming years very exciting discov-tary masses for free-floating objects          Among other predicted observable           eries in this area of research, thanks to(F. Comerón), as well as photometric        signatures of planets are e.g. their in-      performing and inventive new instru-transit and microlensing searches           teraction with circumstellar disks. This      ments. The quest for extra-solar plan-which are currently pursued or planned      will be visible with future high-sensi-       ets has just started to bring us beautiful(D. Minitti).                               tivity, high-resolution IR imaging tech-      results. There is no doubt that this suc-   Searches for faint companions,           niques (O. Schuetz). Atmospheric sig-         cess will continue and unveil at somemostly done with adaptive optics in         natures, especially OH features, can          point the awaited Earth-like planets.the NIR, also reach sensitivities be-       eventually be identified with the next-       HARPS: High-Accuracy Radial-velocity Planetarylow the hydrogen burning limit (S.          generation high-resolution VLT/MIR            SearchHubrig). However, the brown dwarf           spectrograph CRIRES (U. Kaeufl).              FEROS: Fiber-fed Extended Range Opticalcompanion frequency inferred from              In the near future, a very powerful        Spectrograph                                                                                          FLAMES: VLT Fibre Large Array Multi Elementsuch observations appears to be low,        way to identify new brown dwarf and           Spectrographand the so-called “brown dwarf              planetary mass companions will involve        UVES: VLT UV-Visual Echelle Spectrographdesert”, already well-known from radial     the VLT interferometer, measuring both        ISAAC: VLT Infrared Spectrometer And Arrayvelocity surveys, likely extends over a     astrometric variations in close binary        Camera                                                                                          CRIRES: VLT Cryogenic high-resolution InfraRedbroader distance range (M. Sterzik).        systems, and also direct imaging by           Echelle SpectrographThe promises of adaptive optics for         nulling techniques (M. Schoeller, M.          VLC: Very Long Camera (used together with theplanetary science studies in general        Wittkowski).                                  CES, Coudé Echelle Spectrometer)

The ESO Users Committee
L. WISOTZKI, Chairperson of the UC   Founded as an advisory body to the       timately the ESO Council. Wait –              members, or certain things might justDirector General, the Users Committee       there’s something else: the Users             run somewhat below optimum. Nowmainly works at the interface between       Committee (UC). Maybe less central in         what are you – as an ESO user – sup-‘common users’ and ESO representa-          high ESO politics, it nevertheless fulfils    posed to do if you run into troubles thattives. This article describes the role of   an important function: representation of      cannot be solved on the spot? For suchthe UC, highlights some of its recent       the ‘common user’ towards ESO, and            cases, a number of options exist:activities, and outlines some areas         support of the communication between             • Don’t do anything at all. Or, to makewhere the communication between             ESO and its users. This article is meant      it worse, tell your colleagues at the nextESO and its users can be improved.          to give a little background information       conference that ESO is a lost case.   ESO’s status as an international or-     on tasks and challenges of the UC and         This method has the virtue of being atganisation requires that its member         its members.                                  least partly self-fulfilling, in that you cer-states are appropriately represented in        Suppose you have been granted ob-          tainly don’t accomplish a lot.the shaping of decisions and policies.      serving time and enjoyed the trip to             • Complain to your ESO friend, ideal-As part of this principle, several panels   Chile (or alternatively, enjoyed prepar-      ly to the person highest up within thewere created where delegates from the       ing your Observing Blocks at home). If        ESO hierarchy you can get hold of.ESO member countries participate to         the weather is good, you’ll get a lot of      Works sometimes, but this route isdefine various aspects of ESO policies.     data and can start doing science.             clearly not always open.Among these, the Observing Pro-             Usually, that’s all there is to be said,         • Fill in a detailed comment in yourgrammes Committee (OPC) with its            most users are quite satisfied with the       end-of-mission questionnaire. Actually,biannual verdicts on the submitted pro-     way their needs are taken care of, with       that’s what these forms are for, andposals is probably most prominently         the support on the mountains, and with        ESO does react on them. Unfortunate-present in the daily life of many as-       the quality of their data. But nothing is     ly, not too many people make use oftronomers. Other important institutions     perfect, and ESO is no exception to this      this option, see below.are the Scientific Technical Committee      rule – instruments might not work prop-          • Talk to the User Support Group. It is(STC), the Finance Committee, and ul-       erly, there might be conflicts with staff     their task (among others) to take com-

  Contact your representative in the Users Committee

  Belgium:              Hans van Winckel, Katholieke Universiteit Leuven                 hans@ster.kuleuven.ac.be
  Chile:                Mónica Rubio, Universidad de Chile                               mrubio@das.uchile.cl  Denmark:              Jens Viggo Clausen, Niels-Bohr Institute                         jvc@astro.ku.dk  France:               Marguerite Pierre, CE Saclay                                     mpierre@cea.fr  Germany:              Lutz Wisotzki, Universität Potsdam                               lutz@astro.physik.uni-potsdam.de  Italy:                Paolo Molaro, Osservatorio Astronomico di Trieste                molaro@oat.ts.astro.it  Netherlands:          Paul van der Werf, Sterrewacht Leiden                            pvdwerf@strw.LeidenUniv.nl  Portugal:             João Lin Yun, Observatório Astronómico de Lisboa                 yun@oal.ul.pt  Sweden:               Göran Östlin, Stockholm Observatory                              ostlin@astro.su.se  Switzerland:          Werner Schmutz, PMOD / WRC,                                      schmutz@astro.phys.ethz.ch  United Kingdom:       Malcolm Bremer, University of Bristol (Observer)                 m.bremer@bristol.ac.uk
  This list is updated every year. Check at http://www.eso.org/gen-fac/commit/uc/
46plaints serious and to communicate           these problems have already been             Recommendationsthem to the appropriate places.              sorted out. Just send a brief summary   • Inform your national representative     of the case to your national representa-        As an advisory body, the UC cannotin the Users Committee and ask her or        tive, or forward e-mails exchanged on        make ‘decisions’ that are binding tohim to discuss the case with ESO offi-       that topic. (Since mid-2000, problems        ESO. However, each year the UCcials, especially if you feel you need       mentioned in the end-of-mission ques-        issues recommendations and actionsupport with your problem.                   tionnaires will be reviewed by the UC        items in order to improve the use of                                             anyway).                                     ESO facilities and/or the communica-Tasks of the UC                                                                           tion between ESO and the users (most-                                             Monitoring performance                       ly as a consequence of a significant   Officially, the ESO Users Committee                                                    number of corresponding complaints‘advises the ESO Director General on             A substantial fraction of each UC        from the community). ESO is expectedmatters concerning the use of ESO            meeting is dedicated to a certain ‘spe-      to at least react on these items, eithertelescopes, instruments, computers,          cial topic’, which usually means that        by following the recommendations, oretc.’ Its members are appointed by the       one specific aspect of using ESO facil-      else by stating very clearly why a cer-Director General as representatives of       ities comes under close scrutiny. This       tain issue cannot be resolved as de-the user community, one from each            year, we chose the topic ‘service ob-        sired. Note that since the 2000 meet-ESO member country plus Chile, with a        serving and user support’, received          ing, UC recommendations and action(not immediately renewable) tenure of        briefings from ESO representatives and       items are accessible via the web underfour years. The current composition of       discussed about aspects that in our ex-      http://www.eso.org/gen-fac/the UC is listed in Table 1. In its annual   perience were unclear or not well treat-     commit/, as part of the minutes of thespring meetings, the UC works down a         ed. While the UC meeting is a very           UC meetings.densely packed agenda: Presenting            good forum to present our questions,            To our great satisfaction, in manyproblem reports collected from the user      criticism, and suggestions to ESO offi-      cases ESO has been able to follow thecommunity over the year; discussing          cials, it is slightly less obvious how the   UC recommendations, demonstratingspecific aspects of performance and          results of that meeting should be com-       that user opinion is of substantial value.user friendliness of ESO facilities; re-     municated back to the users. In case of      Sometimes it takes a bit to convince theceiving briefings from ESO to commu-         the above-mentioned special topic of         people in charge, in which case actionnicate things back to the users; recom-      2001, the UC thought it was so impor-        items may reappear in subsequentmending improvements; and last not           tant that the responsible people at ESO      years. One illuminating example: For aleast, helping to collect user expertise     were asked to publicise the subject,         long time, users had been annoyed thatas input for the shaping of future poli-     with special emphasis on describing          observing proposals rejected by thecies. Let me expand and comment on           the service mode scheduling process.         OPC did not get feedback commentsthese tasks in more detail.                  This has already generated a re-             by default, despite the generally ac-                                             sponse: Please take a look at Dave           knowledged usefulness of such com-Problem reporting                            Silva’s helpful and detailed article on      ments and despite the fact that most                                             service observing which appeared in          other time allocation committees pro-   Dealing with problem reports is           the September 2001 issue of The              vide them. The UC repeatedly criticisedthe most traditional function of the         Messenger.                                   this attitude and asked to alter it, untilUC, perhaps the one with which most                                                       ESO announced last year to change itsusers associate the UC. There are two        User polls                                   policy and return comments. After a bittypes of issues between ESO and its                                                       over one year of experience, it is prob-users:                                          One important activity of the UC in       ably fair to say that the new OPC pro-   • Individual problems, typically relat-   1998/1999 was to conduct a survey            cedure has been very well received byed to some not-quite-average request,        (“La Silla 2000+”) within the ESO com-       the community.or to a mistake that has been made by        munity, by means of an electronic ques-         Another case, slightly more subtle buteither side. Most of these cases (at         tionnaire, giving the community a plat-      important in ‘daily life’, are the headersleast, of those that I heard of) have in     form to express their ideas for the fu-      of FITS files distributed by ESO: thesefact been sorted out and solved direct-      ture of the La Silla observatory. The re-    contain non-standard ‘hierarchy key-ly between the user and ESO.                 sults of this survey have greatly helped     words’ which are not understood by   • General problems, most commonly         shape the recommendations of a corre-        (sometimes even screwing up) non-originating in some sort of incompatibil-    sponding ESO working group . These           ESO data-processing packages – aity between user requests (concerning        recommendations are public and can           continued source of embarrassment forscheduling, operation, documentation,        be found at ESO’s web site under             quite a few users. Pleading to solve thisetc.), and ESO’s ability to implement        http://www.eso.org/gen-fac/                  incompatibility was almost one of thesuch requests.                               commit/ls2000pl1.html.                       ‘running items’ at past UC meetings.   Although the UC is usually not need-      It should be noted that nearly all of the    But not in vain: ESO now provides aed for addressing this first kind of prob-   top priority recommendations as well as      small ‘Stand-Alone FITS Tool’ (saft)lems, several similar, seemingly isolat-     a number of second-priority items have       which converts the hierarchy keywordsed cases make a general one. General         already been implemented or brought          into standard FITS keywords. This toolproblems may sometimes be hard to            on their way.                                is quite new and we have not yet ob-solve, but in order to tackle them, it is       The wide acceptance of the survey,        tained a lot of feedback as to its useful-important to recognise them as general       as quantified by the high return rate        ness, but the example clearly showsproblems. This is where the UC and its       (256 filled questionnaires), demon-          that such things can be changed for thenational representatives come in: as an      strates that the users take an active        better.instance to bundle problem reports and       interest in these policy issues. Thisrequests, giving them additional weight      case also further illustrates the role       Improving Feedbackby demonstrating that the community          of the UC: it is not a ‘policy-making’as a whole is affected.                      panel – these are the tasks of the STC          With all these proceedings going on   For this reason, the UC members           and ultimately of Council –, but the UC      within the UC and during the annual UCgreatly appreciate if users could keep       takes responsibility that also the com-      meetings, it is clearly an important taskthem informed about any kind of prob-        munity of ‘normal users’ receives atten-     to make the results public and availablelems between them and ESO, even if           tion.                                        to the community. In the past, this task
                                                                                                                                 47has been handled by the representa-           ited group of users reported regularly to      timate figure of merit is the user satis-tives independently, each for his/her         their UC representatives; as a result,         faction with the scientific data ob-national users community. This was not        the problem reports collected by the UC        tained. This is often known only whenideal: Apart from the fact that some will     were not really representative. Addition-      the data are fully reduced and ana-do this more thoroughly than others, it       al insight is now provided by the end-of-      lysed, i.e. typically at least one year af-always means that much of the work            mission reports, but the use of these re-      ter the observations. Only then is it pos-(compiling information, writing reports,      ports is limited. First, there are still too   sible to recognise, e.g., inadequate cal-etc.) is done redundantly. It would be        many ‘silent users’ who do not even fill       ibration facilities, or scattered light ef-much better if the same information           in the end-of-mission reports (only            fects not obvious in the raw data, just towere available to all users, regardless       roughly 50% do so). Second, among              give a few examples. However, learn-of nationality or affiliation. Last year we   those who do, there are many who just          ing about end-product data quality in aimplemented some important changes            mark everything as ‘excellent’. No             systematic way is certainly not easy.in this direction:                            doubt, this proves that indeed the users       ESO has started with VLT instrument   • The official minutes of the annual       are highly satisfied with the way ESO is       performance review sessions (organ-UC meetings are public and available          operated, but does it really mean that         ised by the STC), but from the UC pointover the web, including the approved          everything is perfect? It is great for         of view it would be desirable to alsorecommendations and action items.             ESO staff members to hear that they            draw upon the enormous resources ofVisit http://www.eso.org/gen-fac/             are on the right track, but they also          the general users’ experience. I sug-commit/ to see the available docu-            need to know where remaining prob-             gest that we seriously consider somements.                                        lems are. In my opinion – especially in        sort of new user poll with respect to in-   • For the first time, we have drafted      the current atmosphere of mutual satis-        strument performance and data quality.an informal feedback report to the            faction –, users should feel encouraged            We all acknowledge that ESO staff isusers community as a whole. This re-          to come up with constructive criticism.        highly committed to excellent technicalport has been publicised by e-mail and           Furthermore, the end-of-mission             and scientific performance, and user-is available at the author’s homepage         questionnaires clearly do not cover the        friendliness is one important aspect. It isunder http://www.astro.physik.uni-            full range of user/ESO interactions.           probably fair to say that ESO is alreadypotsdam.de/~lutz/eso-uc.html                  Most significantly, nothing comparable         one of the most user-friendly observa-   An additional valuable source of in-       is available to Service Mode observers,        tories in the world. In those (presum-formation would be the presentation           and hence not much is known about the          ably rare) cases where things do notmaterial given by ESO staff during the        general level of satisfaction among            appear as you would like them to be,UC meetings. We hope that in the near         those. ESO has stated in the last UC           there’s only one way to change that: Sayfuture this can also routinely be placed      meeting that they are working on im-           something! Being critical means that youin a public web area.                         plementing a scheme similar to the             care, not that you are obnoxious (it’s al-                                              end-of-mission reports, but so far we          ways a matter of how to say things, ofImproving User Input                          are faced with more than two years of          course). In this sense, achieving good                                              Service observing and very little, if any,     performance is to some extent also a  One of the problems of the UC in the        systematic feedback from the users.            responsibility of the users; it is the rolepast has been that only a relatively lim-        On an even longer time scale, the ul-       of the UC to help in this process.

ESO Presentation in Brussels
   Following the events in Bern and           Ghent) and Jean-Pierre Chisogne,               which took place at the Planetarium onPorto, ESO continued its series of high-      commercial manager of A.M.O.S.,                the Heysel, was organised jointly by thelevel presentations in the member             Liège, presented impressive examples           Belgian Federal Office for Scientific,states on November 20 with a meeting          of Belgian participation in ESO, both in       Technical and Cultural Affairs, thein the Belgian capital. The event in          science and technology. The event,             Belgian Royal Observatory and ESO.Brussels coincides with the Belgian                                                                               C. MADSEN, ESOPresidency of the European Union (andthus of the European Research Coun-cil), a fact that was reflected by partici-pants to the meeting, which includedmembers of the Belgian Senate, theBelgian Federal Government Commis-sioner for Science Policy, Yvan Ylieff,the Secretary General of the FederalOffice for Scientific, Technical andCultural Affairs, Eric Beka, the Euro-pean Commissioner for Research,Philippe Busquin, and other high offi-cials from the Directorate General forResearch of the European Commis-sion. All in all about 100 invited guestsrepresenting politics, public administra-tion, the Belgian astronomical researchcommunity, industry and media listenedto speeches by the ESO DirectorGeneral, Commissioners Busquin andYlieff. After the showing of the ESOvideo ‘Astronomy to the Power of Four’,       The ESO Director General in conversation with the European Commissioner for Research,Maarten Baes (PhD, University of              Philippe Busquin, and Prof. Paul Pâquet, Director of the Belgian Royal Observatory, Uccle.48                                       ANNOUNCEMENTS
  PhD programme      For the second time, the International Max-Planck Research School on Astrophysics (IMPRS) is accepting applications for its  PhD programme. IMPRS is a joint collaboration between the European Southern Observatory, Max-Planck-Institut für  Extraterrestrische Physik (MPE), the Observatory of the Ludwig-Maximilians University of Munich (USM) and the Max-Planck-  Institut für Astrophysik (MPA). Also participating as associated partners are the Astro-particle physics groups at the Technical  University of Munich (TUM) and the Werner-Heisenberg-Institut for Physics (MPP).      IMPRS is offering a highly competitive PhD programme, including lectures, seminars, and a research project supervised by  scientists at one of the participating institutions. Course language is English. Students have access to ground- and space-based  observatories and instrumentation operated by the participating institutes as well as supercomputers for advanced numerical sim-  ulations and theoretical studies. Successful completion of the 3-year programme by meeting LMU requirements leads to a doc-  toral (“PhD”) degree in natural sciences (rerum naturalium) awarded by the Ludwig-Maximilians University of Munich.      Applications for the programme are open to students from all countries world-wide fulfilling the LMU admission requirements.  More details on the IMPRS programme and admission requirements can be found at the website http://www.imprs-astro.mpg.de/ .  For more information on research and science activities at ESO, please consult http://www.eso.org/projects/ and  http://www.eso.org/science/ .
     The closing date for applications for the programme starting in September 2002 is January 15, 2002.
     Please apply by using the IMPRS application form available on-line (http://www.imprs-astro.mpg.de/admission.html ).

Book Review: Reflecting Telescope Optics II, by Ray Wilson
Springer-Verlag, Corrected Second Printing, 2001, ISBN 3-540-60356-5, 554 pages, 240 illustrations, PRICE DM 159,90   Volume I appeared in 1996 and was reprinted with significant        siderably over the last years, but are nowadays much more ef-corrections in 2000. It deals with the historical development of       fective owing to the use of computers. New methods like stressthe reflecting telescope with essentially “classical” technology       and ion beam polishing can be used for special applications orfrom its invention up to about 1980 and gives the complete opti-       fine tuning, respectively.cal design and related theory of virtually all known telescope            The success of the figuring depends critically on the proce-forms. An interesting addition in the reprint is the recently re-      dures used for the test of the optical surfaces. Computer tech-searched identity of Cassegrain in the Portrait Gallery of App. B.     niques have completely revolutionised the precision, speed and   Volume II appeared in 1999 and deals with all aspects of the        convenience of test procedures. The method has to be adaptedtechnological “revolution” from about 1970–1980 onwards, which         to the type of mirror. Interferometric methods are discussed inallowed the breakthrough of the absolute barriers to further           detail, also the null systems required to generate aspheric sur-progress both in size and optical quality imposed by the limita-       faces. Special attention is given to the complex test procedurestions of classical technology. A corrected reprint appeared in mid-    for convex mirrors. Chapter 2 deals with the test and alignment2001.                                                                  of the telescope in function. After an introduction to the optical   The frontispiece added in the reprint shows one of the 8-me-        theory of misaligned two-mirror telescopes, an alignment proce-tre ESO VLT telescopes, the first 8-metre-class telescope using        dure for such telescopes is described in detail. Methods formodern active technology for monolithic mirrors; while the un-         measuring the quality of telescope optics range from simplechanged cover shows the two 10-metre Keck telescopes using             methods like the evaluation of defocused images to computer-modern active technology for segmented mirrors. These two              based procedures such as Shack-Hartmann and curvaturetechnologies, in combination, seem set to dominate coming de-          sensing.velopments of super-large telescopes. Volume II deals with all            The central Chapter 3 discusses modern telescope develop-practical aspects of the production and operation of such tele-        ments which are, in one way or the other, all aimed at overcom-scopes designed for use in the visual and infrared wavebands.          ing the classical scaling laws for the total mass and related flex-All techniques required to build them, in particular for large tele-   ure of telescopes as functions of the diameter of the mirror. Thescopes, are described in considerable detail.                          four possibilities treated are the use of (usually hexagonal) seg-   Chapter 1 gives a description of what is often the most de-         ments, the coupling of separate telescopes, the light-weighting ofmanding task in such projects, the manufacture of the surfaces         the mirrors, or the use of actively controlled thin meniscus mir-of the mirrors. Many of the techniques have not changed con-           rors. Whereas most mirrors of large telescopes are made of low-
                                                                                                                                      49expansion glass ceramics, there are other possible blank mate-        design of the adapters, and the reduction of straylight through therials such as, for example, metal or silicon carbide. All materials   use of baffles. Even the best coatings reflect at most 90% of thehave advantages and face specific problems. A problem closely         light over a reasonable range of wavelength, and the reflectivityrelated to the type of the blank is its support.                      degrades considerably if the mirrors are not regularly cleaned.   The summary of the support theories includes basic laws of         Modern approaches as described in Chapter 6 are required toelasticity theory, the early theory of Couder and modern theories,    improve the situation. In modern telescopes, the adapters andin particular of G. Schwesinger, to whom the book is also dedi-       rotators, which are often integrated into one unit, have to fulfilcated. Both the axial and the lateral support of meniscus mirrors     many tasks including guiding and wavefront sensing.are treated. It is nowadays accepted that mirrors with diameters         Finally, the short Chapter 8 stresses the importance of regu-larger than approximately three metres have to be actively con-       lar and systematic maintenance to preserve or even improve thetrolled. Since the author was the inventor of this method as ap-      quality reached after the commissioning of the telescope.plied to monoliths and used for the first time in the ESO NTT 3.5-       The book contains many more aspects and details than couldm telescope, the history and basic principles are comprehen-          be mentioned in this review. In fact, to the reviewer’s knowledgesively presented.                                                     it is the only monograph currently available which treats the   Of equal importance is the control of the local environment,       whole range of modern optical technology of reflecting tele-that is the avoidance of temperature inhomogeneities introduced       scopes in a comprehensive way, whereby, as mentioned in theby the telescope itself. Particularly significant is the attempt to   preface, interferometry between telescopes as well as solar andkeep the temperature of the primary mirror in equilibrium with the    X-ray telescopes have been deliberately excluded as subjectstemperature of the ambient air. The local environment can, for        which are too extensive or too specialised. (In contrast, a num-example, be passively influenced by the dome design and also          ber of other modern treatments of the theory of Volume I exist,actively by cooling the air in the dome or certain components         notably Schroeder’s “Astronomical Optics”). It should besuch as the primary mirror. Chapter 4 treats the question of how      stressed that most of Volume II does not require a deep knowl-the optical quality can be assessed in one or a few figures of        edge of the optical theory presented in Volume I. It should there-merit and how the specification for the overall quality can be        fore also be of use to readers who are working in specialised ar-broken down into specifications for the subsystems. The method        eas or who simply want to get an overview of modern telescopeusing the so-called Central Intensity Ratio, a kind of Strehl Ratio   technology. Special topics can easily be found with the help offor telescopes working in the atmosphere, was extensively             the extensive name and subject indices, and thanks to the longapplied during the manufacture of the ESO VLT.                        list of references, the book is an entry point for more detailed   Chapter 5 includes a summary of the fast growing area of           studies.adaptive optics, the purpose of which is to correct the aberrations      Furthermore, amateur telescopes are getting bigger and bet-introduced by the atmosphere and reach the diffraction limit of       ter and are more and more computer controlled. Since many ofthe telescope. After a comprehensive introduction to the theory       the techniques and conclusions in this book can also be appliedof atmospheric optics based on the work of Tatarski, Fried and        to these telescopes, the book should also be of interest for moreRoddier, the design and performance of the first adaptive optics      ambitious amateur astronomers.systems are discussed.                                                   With the extensive name and subject index this volume should   Chapters 6 and 7 deal with topics which usually receive much       also be useful as a reference book.less attention, namely the reflecting coatings of the mirrors, the                                                           L. NOETHE
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