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the instrument. The mass and size of the monster were daunting. Cooling the instrument required the use of a pre-cooling circuit, prototyped on IRSPEC and now common in most infrared instru-ments deployed at the VLT. In 1996, during the big-bang upgrade of the NTT, IRSPEC was retired and its cryostat was used to test many of the mechanical functions of ISAAC.  As the PI was fond of saying, ISAAC had diamond-turned-nickel-coated-post- polished mirrors. The cold structure where the instrument optics were mounted was particularly complex and would have been almost impossible to machine from a single block. Two cast aluminium structures were made at a local foundry and the huge vacuum ves-sel came from France. The bearings used 


to turn the massive gratings and lter 


wheels were off the shelf. They were dis-assembled by Jean-Louis down to their smallest components and then reassem-bled without the outgassing and freeze-prone lubricants and were equipped with new rolling elements. The bearings for 


the ISAAC lter wheels are comparable in 


size to an entire IRAC (the IR camera for the 2.2-metre telescope commissioned in 


1994) lter wheel. 


With the high number of functions in ISAAC, the traditional warm motor with a feed through to the vacuum vessel was not an option. A development pro-gramme inside ESO converted commer-cial stepper motors to function in cryo-genic conditions. For ESO, ISAAC was 


also the rst instrument equipped from 


the start with closed-cycle coolers. The original Leybold compressor outlasted 


the instrument, with more than 100 000 


hours of continuous operation. The enor-mous platform which carried the pow-ered co-rotator and electronics (a feature that became a common solution for instruments at Paranal) arose as the only viable option as the instrument pro-ceeded through the construction phase.  To cool down such a massive load, a custom ESO cryogenic control system was constructed by Joar Brynnel, who also built the electronics that would drive the instrument functions using early versions of the, then, ESO standard MACCON motor controllers. The pre-
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ISAAC was switched off, almost cer-


tainly for the nal time, on 12 December 


2013. The last observing block exe-cuted was OB1030962, the target, Supernova 2013ct, for a programme whose principal investigator just hap-


pened to be the rst instrument scien


-tist for ISAAC. “All constraints were respected and spectra of the target detected” are the public comments in the log. A short history of ISAAC, from the instrument scientists’ viewpoint, is presented.


Building ISAAC The Infrared Spectrograph And Array Camera, ISAAC, was the second instru-ment mounted on the Very Large Tele-scope (VLT), following the FOcal Reducer and low dispersion Spectrograph (FORS1).  The Principal Investigator (PI) of ISAAC was Alan Moorwood. Although various appreciations of Alan have already been made (e.g., de Zeeuw, 2011; Leibundgut et al., 2011) and it is certain that he made profound contributions to all aspects of ESO, ISAAC was one of his proudest 


creations. ISAAC was one of two rst 


generation instruments for the VLT built in-house at ESO Garching by a team of people working for Alan in a deeply personal and motivating atmosphere (the other instrument was the Ultraviolet and  Visible Echelle Spectrograph [UVES]). Although much of the discussion on the instrumentation suite for the VLT took place prior to the approval of the project 


in 1987, the denitive instrumentation 


plan was authored by Sandro D’Odorico and Alan in June 1989. It appears pres-


cient today, since almost all rst genera


-tion instruments had their genesis in that document. ISAAC in effect was the outcome of option E4 for a combined spectrometer/imager exploiting a single detector. It should also be recalled that even in 1989 the choice of site for the  VLT had not been settled. Vizchachas next to La Silla with four Unit Telescopes 


in a linear conguration was still the 


default option for the VLT, with Paranal being considered as an alternate site. At the time of ISAAC’s design design, and even in the early construction period, the instrument was baselined on 256 by 256 pixel detectors. It should be recalled 


that the rst infrared camera: IRCAM 


on the UK Infra Red Telescope (UKIRT) 


only had rst light in 1986 with a 62 × 58 


indium antimonide (InSb) detector (McLean et al., 1986). By the time the instrument was deployed on Paranal in 1998, the short wavelength arm had a 


fancy new 1024 × 1024 HgCdTe detector, 


but the long wavelength detector was still 


a 256 × 256 pixel InSb device.


 The team assembled by Alan to build ISAAC relied very much on the instru-mentation experience at ESO, based on the immediate previous generation of instruments (IRSPEC on the New Tech-nology Telescope [NTT] and the two infrared cameras on the MPG/ESO 2.2-metre telescope). Alan had already brought an infrared heritage to ESO in the Geneva days, from his work at ESA 


and ying balloons with infrared payloads 


at University College London. Under his leadership and a series of ever more successful instruments, an effective team had been created. The optical design, as with almost all instruments at the VLT, came from the trusted hands of Bernard Delabre. 


Gotthard Huster designed the mechanical 


system with help from Ralf Gonzelmann. Jean-Louis Lizon and Armin Silver built  Telescopes and Instrumentation


ISAAC. An Appreciation
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cooling accelerated the cool down, a process that came in very handy in testing, but also in operations when a stuck function had to be unstuck! Gert Finger was in charge of the detector system, with Manfred Meyer building the readout electronics. During the pro-gramme Jorg Stegmeier and Leander Mehrgan joined the detector group to 


make the rst generation of IRACE (Infra


-Red Advanced Controller Electronics) controllers. Giana Nicolini helped with the characterisation of detectors and pre-pared the upgrade of the Santa Barbara 


Research Corporation (SBRC) 256 × 256 pixel InSb array to the brand new 32-channel Aladdin 1K × 1K InSb array. 


 Transputers formed the basis of the read-out electronics, while the IRACE platform, in a shift from the VLT standards of  VxWorks on 68030 processors, moved to the newfangled Sparc machines that were all the rage. In a minor panic during the early years of operation, the remain-ing worldwide supply of T2 and T8 trans-puter chips were procured by ESO so as 


to have sufcient spares for ISAAC and, 


of course, the other infrared instruments that followed in its path.Peter Biereichel who had written much, if not all, the software for the early infrared instruments led the control software effort and along the way brought in Thomas 


Herlin and Jens Knudstrup to help. Much 


effort was needed to tame the early versions of the VLT common software.  Anton Van Dijsseldonk project-managed all this effort before the days when he would have been called project manager. Getting ISAAC to the skyFollowing some design review (there were not so many of them in those days),  Alan was convinced to hire an instrument scientist to support the commissioning of the instrument and the development of 


data reduction tools. The rst author of 


this appreciation was hired in 1993 for this post and was succeeded by the sec-ond author after less than 18 months on the job, and long before the instru-ment ever went to sky. The third author took over after commissioning, etc, etc.  The list of ISAAC instrument scientists is hopefully identical to the authorship of this article. Many large and small prob-lems needed to be resolved, such as how the instrument interacted with the tele-scope, calibration challenges, observing sequences, etc, etc. For example, chop-ping via a synchronised timing signal, rather than a hardware connection, may be a trivial issue today, but the ISAAC controller, mentioned above, was not compatible with the VLT standard hard-ware for timing. A simple solution of a hardware trigger from the TIM board (a VxWorks custom board built by ESO for timing synchronisation across the VLT) was used.  The ISAAC software innovation stable provided the three state buttons that continue to plague the VLT control panels and the Real Time Display (RTD). The  VLT standards forbade dedicated hard-ware to connect the data acquisition sys-tem in the dome with the control room.  As a minimum for target acquisition there was a need for a networked workstation display that allowed astronomers to inter-act with the data live, rather than waiting for a data reduction system to digest a 


FITS le. In the days before requirements 


documents, a conversation between the 


instrument scientist and Thomas Herlin to esh out the idea of a display that would stop astronomers looking at nd


-ing charts through lamps to get the right orientation, provide trivial zooming and scaling and allow the instantaneous data as well as the integrated frame to appear in real time, resulted. Envisaged from the very start to have an application inter-face to allow plug-ins, the RTD was a wild success and is not only used for all detector systems on the VLT but in vari-ous incarnations also formed the basis for the 


 skycat 


 tool, the FORS Instrumental Mask Simulator (FIMS), and ended up in wide use by many observatories. Every acquisition at ESO’s optical telescopes relies on the RTD to click the target or the guide star!For infrared astronomers, prescription 


observing per templates was a signicant 


psychological challenge to overcome. 


However, ISAAC was in many ways 


responsible for bringing the concepts of templates into VLT operations. Erik Allaert was critical in making the toolkit to man-age scripted observations in a sensible 


manner: the resulting tool is now used 


Figure 1. 


Jean-Louis Lizon, who powered ISAAC up in 1998, switches the instrument off for the last time in December 2013.


Figure 2. 


 A younger Jean-Louis Lizon than in Fig-


ure 1 checks the ISAAC cold structure #1 during the 


construction phase in 1995.
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