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Notes on Upgrade path:
· Many of the issues are also covered in KAON 462 and 461.

· This may be a key element of an overall NGAO program.

· In this scenario NGAO is a program, producing science along the way, and is not just a final delivered system.

· Even if this upgrade architecture doesn’t ultimately get us to NGAO it still may be a viable incremental strategy to get to NGAO.  Could implement and demonstrate, and use for science, many of the critical elements of NGAO along the way. 

· Major advantages:

· Science along the way (could also be a parallel effort to an NGAO instrument).

· New capabilities as funding available.

· But even if all funding available might still chose a program where upgrades were part of the program.

· Telescope pupil will move around on the DM because of the existing tip/tilt mirror not being at a pupil.  This pupil illumination may be too much.  Could mount the DM on a low bandwidth tip/tilt stage and have the tip/tilt mirror offload to it.  

· One approach might be to reuse many of the existing components but build a new bench to replace the existing bench.  A 3rd bench would also allow for a lot of lab development.
· Would likely need to upgrade some of the existing hardware along the way.

· DM upgrade

· A 64x64 DM the same size as the existing DM would likely be expensive.

· Could relatively easily upgrade to a 40x40 DM with 3.5 mm pitch (and perhaps this is adequate for NGAO?).

· An alternative to replacing existing DM would be to put a second higher order DM (a 64x64 MEMS or photonics module DM) in the science instrument or path to science instruments.

Requirements

· Field of regard.  Current system passes > 2’.  Likely does not pass 3’.  This effects sky coverage.

· Should look at whether mods could be made to things (like the Wyko fold mirror) that vignette the beam.  

· Would be good to figure out the actual field and vignetting sources.

· If dNIRI is up front then it could provide the LOWFS (over the entire field or just over an annular field) and the 2’ field to the rest of the system would be more than adequate.
· The existing AO system doesn’t have an IR acquisition camera for tip/tilt and even if it did it wouldn’t cover the 3’ field.  This implies that you need an IR acquisition (or visible) before the AO system (possibly in El ring). 
· Backgrounds high due to lots of optics

· Number of ways to improve this noted in KAON 462

· AO enclosure is a meat locker so it is insulated enough to permit cooling.  

· Would need to add a window.  

· Could alternately cool only the bench but this would then require windows to the science instruments as well.  

· Some of the existing AO components may not do well when cooled and might need to be replaced. 
· Can likely meet wavefront performance with lots of upgrades.  See KAON 461 and Rich’s revisit of the achieved performance.
· Companion sensitivity.

· K-mirror allows you to keep telescope pupil and AO orientation, and hence speckles, fixed (i.e., ADI).  

· Science instrument on a rotator is not as good for companion sensitivity.  

· Mirrors near a focus are bad, especially ones that move.  Could improve by getting flatter mirrors and/or moving them further from focus.
· Astrometry.  May need to implement IR ADC.

· PSF estimation.  There are options to have a patrol field camera (could be at same location as LOWFS on AO bench)
· Nod/dither time.  Not obvious have a way to improve this time.  What would you move on AO bench to not have to move telescope?

LGS sensors

· Could potentially fit into the existing WFS location.  
· Advantages: Closed loop. Less likely to need MEMS in LGS WFS. Image rotation provided. Fixed gravity vector.
· Disadvantages: Significant space constraints.

· A fixed asterism would make this easier, but it might still be feasible with a variable geometry.  We can’t use just a fixed asterism if this also has to serve dNIRI or if want to sharpen LOWFS.

· Could also locate the LGS sensors in the elevation journal as proposed for other architecture options.  This requires open loop correction.

LOWFS location

· Could be located at kinematic plate location fed by a changeable dichroic (at the Interferometer Science Fold Mirror location).  Depends on how large the IR dewar needs to be.

· Existence of at least a woofer DM (current DM) is that 32x32 MEMs for LOWFS is certainly adequate.
Science Instruments

· DNIRI

· DNIRI loses its advantage if it is put behind all of the existing AO bench optics unless these optics are cooled.  However, these optics were not designed to be cooled and there may be various mechanical problems as a result.

· Putting DNIRI at the front of the AO bench, while leaving the bench in place, would be a significant challenge.  In addition to a tight fit with the elevation journal would have to deal with a tight fit with all of the AO opto-mechanics at the front of the AO bench, especially the rotator.  DNIRI would need to be suspended above the bench and the bench cover and snout of the AO enclosure would need to be significantly modified.

· Another option is to move the AO bench out when using DNIRI, 

· This implies have to have LGS WFS in El journal.
· Have to have separate LOWFS for DNIRI.

· Limited to only AO bench field for LOWFS.

· Have to make AO bench movable.  
· Could have two NIR instruments and one small visible instrument available simultaneously.  

· NIR instruments

· One NIR science instrument could go at the NIRC2 location and another at the OSIRIS location.

· Visible instruments

· Can remove existing tip/tilt and LBWFS sensor stage.  Might be sufficient room at this location for a visible imager.

· To have a visible instrument available at one of the existing instrument ports would require having a dichroic changer (to allow the visible light through the currently IR transmissive dichroic).  Alternately, could take collimated light to an instrument at the changeable port the same way the Interferometer takes light (fold between DM and 2nd OAP).
