Minutes for the OPTICON Key Technologies
W. G.

IAC, La Laguna, Tenerife, 25 February, 2002

Chair:   Prof R.Rebolo (IAC) rrl@ll.iac.es

Present: 

Dr M. Andersen (Univ of Oulu, Finland) Micheal.Andersen@oulu.fi

Dr F. Bortoletto (Padua Observatory,Italy) bortoletto@pd.astro.it

Mr C.Cunningham (UKATC, Edinburgh, UK) crc@roe.ac.uk

Dr J.K Davies (UKATC, Edinburgh,UK) jkd@roe.ac.uk
Dr N.Devaney (IAC) ndevaney@ll.iac.es
Dr P.Doel (UCL, UK) apd@star.ucl.ac.uk
Dr C.Erd (Science payloads Division, ESA) cerd@rssd.esa.int
Dr A.B.Fragoso (IAC) afragoso@ll.iac.es

Dr J.J Fuensalida ( IAC) fuensalida@ll.iac.es

Prof G.Gilmore (IOA, Cambridge,UK ) gil@ast.cam.ac.uk
Dr A.Glazenborg-Kluttig (ASTRON, Netherlands) glazenborg@astron.nl

Dr P. Hammersley (IAC) plh@ll.iac.es

Dr P.Kern (Laboratoire d'astrophysique de l'Observatoire de Grenoble) Pierre.Kern@obs.ujf-grenoble.fr

Dr G. D. Love (Durham,UK) g.d.love@durham.ac.uk

Dr C Martinez-Roger (IAC) cmr@ll.iac.es
Dr A. Manescau (IAC) amh@ll.iac.es

Dr C. Munoz-Tuñon (IAC) cmt@ll.iac.es
Dr P. F. Roche (Oxford, UK) p.roche@physics.ox.ac.uk

Dr J Rodriguez Espinosa (IAC-GTC) espinosa@ll.iac.es

Dr David Walker (UCL, UK) ddw@star.ucl.ac.uk

Mr Campbell Warden (IAC) campbell@ll.iac.es
Prof Rebolo opened the meeting by welcoming the attendees and inviting modifications to the agenda.

The agenda was adopted and is attached for reference.

Prof Gilmore presented an overview of OPTICON, stressing its role of bringing together groups with common problems to develop solutions/opportunities on a European scale. He gave a brief review of the existing working groups and recent successes (see also our web page at www.astro-opticon.org).

Prof Rebolo pointed out that the goal of the working group is to identify key technologies that are needed for European telescopes and instruments in the next decade.  The ultimate objective is to find common objectives to make bids to the EU FP6 programme that can then be endorsed by the OPTICON board.

Dr Peter Doel. (UCL) gave a presentation on Large Adaptive Mirrors. He noted that both OWL and Euro-50 will require 2.5-4m adaptive secondary mirrors as part of their design. UCL have been investigating aluminium and carbon composite substrates for such mirrors. He noted that aluminium requires new techniques for polishing and for the removal of internal stresses. He reported that UCL have now built a 2m mirror for the historic Birr telescope and 30cm diameter/7 actuator demonstrator for a proposed active secondary mirror for the Gemini telescope (had it been developed, this Gemini secondary would have had 90 actuators). The UCL group is in regular contact with similar groups at places such as Heriot-Watt, QinetiQ, Chobham composites and NPL.

Prof David Walker.  (UCL and Zeeko)  spoke on the automated production of aspheric optical components. These may be required for instrumentation (e.g. aberration control and off axis systems) and for telescopes themselves.  Typical applications are cases where aspherics can be used to reduce stray light in telescopes looking for faint objects near bright ones (e.g. planets, brown dwarfs). He stressed the need to make polishing a deterministic process,  i.e. to ensure that what you get is what you asked for, and to make it a fast process able to control surface texture. UCL developed technology has been 'spun off' into a company (Zeeko) making and selling CNC machine tools for polishing mirrors of various sizes. These machines produce very reproducible results.

Future objectives of the UCL programme are to extend this technology to 3D (off axis) surfaces, to make super-smooth surfaces to reduce stray light and to develop traceable metrology which can be related to national standards for optical components such as segments of large telescope mirrors.

Dr Favio Bortoletto (Padua) outlined some issues concerning possible substrates for components of the MIRI instrument for NGST. 

Dr Michael Andersen (University of Oulu, FI) discussed the future of high throughput spectroscopy. He noted that a significant fraction of national instrument budgets are spent on redshift-machines for cosmological research. However these produce large data sets with large biases since there are no lines between Lyman Alpha and Oxygen II which can be used to determine redshifts. An additional complication is that sky noise from resolved lines is non-poissonian. The solution is to use high resolution (~5000) to remove the sky lines and to combine this with broad spectral coverage in the optical regime. It is essential to resolve the sky lines in the IR.

Such instruments will need low-noise IR detectors (preferably buttable) and CCDs with high quantum efficiency in the UV.  Suitable array controllers will also be needed for these detectors. The instruments will need affordable UV optics as it is often the UV capability that gets removed first when instruments are descoped.  Possible other technologies for such instruments might be OH suppression and STJ's.

Dr Pierre Kern  (Laboratoire d’astrophysique de l’observatoire de Grenoble) spoke on micro-optics for astronomy. The science drivers that require these include sensitivity, spatial resolution and high contrast imaging (e.g. extra-solar planets). The future may see the use of matrixes of small components, actuated micro-components or even matrixes of actuated components. Applications for such technologies might include:

· Metrology of interferometers. 

· Micro-lens arrays for Shack-Hartmann wavefront sensors. 

· Micro-lenses for IFUs,  image slicers and multi-object spectroscopy. 

· Focal plane tip-tilt micro micro-mirror arrays for multi-object observations (eg in NGST)

The advantages of such systems is that they are compact and rigid when integrated, but their use may require a paradigm shift in instrument design, not just the use of micro-optics to replace regular optics.

Dr P Hammersly/Dr F Garzon (IAC)  spoke on cryo-mechanisms for near IR instruments on VLT's.  They pointed to the need for multi-slit near IR spectrometers to get the maximum mutliplex advantage from such instruments. They suggested using resolutions of greater than 3500 since, with a 2048 square detector, this would fully cover an atmospheric window and at the same time make OH suppression possible.

Grisms make the optical designs easier, but while large format, low-resolution grisms exist, higher resolution grisms do not.  To develop them it will be necessary to use materials having high refractive indexes, e.g. ZnSe, Zn,S Chalchogenide. 

There is also a requirement for multiple masks that can be changed easily. It is possible to use wheels holding masks, but this means only a limited number of masks are available each night and requires considerable amount of undesirable thermal cycling of the instrument to replace them. A solution is a reconfigurable system with linear sliders inside the cryostat. 

Mr Colin Cunningham  (UK Astronomy Technology Centre at ROE) discussed smart focal planes, which he defined as devices to manipulate a light path to maximise the science output for a given focal plane detector. Examples are fibre fed IFUs and image slicers. He pointed out that close to the diffraction limit a 100m telescope (eg OWL) fills a 2k detector chip with a 2 arcsec square field. Such a telescope would need hundreds of chips to sample a 2 arc minute field unless a smart focal plane could deploy a smaller number of detectors to only those regions of special interest.  The technology challenges for such systems include cryomechanisms, small optics, MEMS and reliability, 

Dr Annelie Glazenborg-Kluttig. (ASTRON, NL) described MIDI, a 10-20(m instrument for the VLTI. This is due to go to Paranal later in 2002, but it only uses the light from 2 of the 4 telescopes.  MIDI-2 will be designed to combine light from more than 2 telescopes. A significant problem for future developments is a lack of suitable detectors. Raytheon and Boeing make mid-IR detectors, but they tend to have high noise levels and cross talk. Boeing make the better device and Raytheon are believed to be exiting from this market, which will leave a single supplier and may present possible political/security issues when negotiating future deliveries. 

Dr Gordon Love (Durham) posed the question. What are the key issues for the next generation of AO systems? He pointed out that laser guide stars, Multi Conjugate Adaptive Optics  and very high order AO are the key challenges. Active optics for ELTs and space telescopes and Adaptive Optics for interferometry are key technical issues.. For guide stars there are issues concerning whether it is best to use sodium lasers, rayleigh or natural guide stars?  Suitable turnkey sodium lasers are not generally available at present. MCAO was felt to be limited by systems engineering issues, not technology. Very high order AO requires a huge number of actuators (10**3 on 8m, 10**4 on 30m, 10**5 on 100m ELT in the V band) but there are issues of how to do the required calculations quickly enough? Also, how to do very accurate wavefront sensing.

Dr Nicholas Devaney (IAC) spoke on the MCAO design for the GTC.  He felt that deformable mirror technology and hardware for control was adequate and that this was largely a systems engineering problem. An open issue is wavefront sensing, bright natural guide stars are few, so perhaps it could be done using multiple faint guide stars. More work is needed on the theory and simulation of this problem.

He suggested that key demands for the future are reliable 10W sodium lasers, large deformable mirrors with many degrees of freedom, large detectors with high linearity and new computing hardware. He stressed the need to solve system wide, rather than component, problems.

Dr Christian. Erd  (ESTEC) described a number of developments initiated by ESA including a SiC mirror for Herschel and a lightweight carbon-fibre mirror for Planck. He pointed out that the GAIA mission will need 250 uniform, rad-hard CCDs for its flight model alone.

ESA have two development programmes, a technology research program (which address basic technology) and the core technological programme  (which is application targeted), which could be a source of funds. Future ESA missions require 8-18(m detectors which work at 30K, IR fringe sensors, cold detector readout electronics, fibres that work between 4-18um, 3 side buttable CCDs, laser metrology, high resolution tip-tilt, image slicers and SQUID detectors. He also described ESA development of an STJ detector for UV-visible astronomy. This device is photon counting with an intrinsic resolving power of 20 at 300nm. 

Prof Gilmore then gave an overview of FP6 as it is presently understood, noting that the final details of the programme will not be available until towards the end of 2002. He noted that:

· The role of the Infrastructure Cooperation Networks is expected to be developed to cover both Access and RTD activities (e.g. ELT studies). 

· There could be a contribution of up to 10% for new major facilities.

· Both large and medium sized proposals should be eligible.

· The importance of the opportunity to obtain ‘matching’ funds was emphasised.

· The participation of SMEs can be funded by other routes (eg Research and Innovation).

Some FP6 related documents were tabled by Mr Warden.

There was then an extensive brainstorming session. This drew out the following issues and areas for future work.  

· Small AO systems. (These would also have industrial applications)

· Adaptive secondary mirrors upstream of the AO, these require many new technologies including adhesives, actuators, polishing, controls etc.

· High Dynamic range imaging, requiring better optics to reduce stray light and better detectors.

· Very smooth optics.

· Array controllers

· A possible lack of optical coating capability in Europe.

· A requirement for better optical filters, especially in the U band. 

· Cryogenic mechanisms, particularly with regard to failures to communicate knowledge and experience between labs and industry.

· Metrology techniques

· Active structures (i.e. large telescope structures), which protect themselves against strong winds.

It was decided to form four sub-groups to consider these issues further. Each group will discuss them with other experts in their topic area.  Prof Rebolo pointed out the need to prioritise and suggested the groups should have an intention of reporting back within 2 months, in time for the next meeting of the OPTICON board in Turku on May 3rd. It was also pointed out that travel expenses could be refunded if the subgroups felt it was necessary to call a local meeting. 

The following groups were agreed, co-ordinators are marked in italics.

DETECTORS: STJs (including long linear devices), Large format, high dynamic range, near & mid IR arrays, high efficiency CCDs (perhaps using germanium) Active Pixels, detector controllers.

C Erd, M. Andersen, P. Roche, C. Cunningham,

SMART OPTICS (ADAPTIVE OPTICS / CORONAGRAPHY): phase masks, occultation technologies, Adaptive secondary mirrors, metrology, Planer integrated optics, Micro Electromechanical Systems, Microlenses, Liquid Crystals, Deformable mirrors, lasers, Beam Transfer Optics, Vibration Control, servo control, Active mirror mounts, sensors, wavefront sensors, 

C. Cunningham, G. Love, P. Kern, A. Manescau, P. Doel, N. Devaney 

INNOVATIVE OPTICAL COMPONENTS: fibres, tuneable filters, coatings, VPHs, cryogenic opto-mechanics, fabrication and metrology, substrate technology, atmospheric dispersion compensators, super-smooth, large optical components, Image slicers,

F. Bortoletto, F. Garzon, D. Walker, J.M. Rodriguez-Espinosa, C. Cunningham, G. Love,

INTERFEROMETRY: pathlength compensation, fringe-sensors, Planer integrated optics, wavefront filtering, nulling, achromatic components, metrology, fibres, Beam Transfer Optics, 

P. Kern, A. Glazenborg, (C. Haniff to be invited to join). 

The objectives of these groups include 

· Identify possible RTD proposals, 

· Consider interactions with industry

· Achieve a ‘Europe wide approach’

· Knowledge preservation 

· Consider product assurance

· Develop end – to – end modelling

The meeting concluded with a tour of the IAC laboratories.

