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1. Introduction

The purpose of this note is to evaluate whether an upgrade of one of the Keck AO systems is a viable option to achieve the NGAO science requirements.

We begin, in section 2, by briefly summarizing the NGAO science requirements.  This provides the goal for a Keck AO upgrade path.  This is followed by a brief description of the Keck I LGS AO system that is currently under development with planned operations to begin in 2008.  This provides the base from which upgrades would occur.  Note that the Keck II LGS AO system could be upgraded to the same standards, so this does not force us to choose between Keck I and II (although upgrading Keck II would add additional cost).  We then compare the requirements to the Keck I LGS AO performance and discuss potential improvements.  The potential improvements to the Keck I LGS AO system are discussed in further detail in section 3.  A potential plan for implementing these improvements is then discussed in section 4.  We finish with a summary of the pros and cons of the Keck AO upgrade approach versus a new NGAO system.
KAON 461 is a companion note to this one.  It provides the expected wavefront error budget for the Keck I LGS AO system and for the various potential upgrades.  
2. NGAO Science Requirements versus Keck I LGS AO
The NGAO system design will be driven by a number of science cases.  NGAO will be expected to achieve significantly higher performance in a number of areas and to provide a suite of new science instruments to take advantage of these improvements.  
The Keck I LGS AO facility should be operational in 2008 with OSIRIS.  This system includes the next generation wavefront controller (NGWFC) upgrade and we will plan to have a recoated deformable mirror (DM) in place.  This system represents the currently budgeted extent of Keck AO improvements.   
In the following bullets we list the performance and instrument requirements for NGAO, the predicted status of the 2008 Keck I LGS AO facility with OSIRIS with respect to these requirements, and potential means to improve the Keck I LGS AO facility performance:

· Throughput to science instrument

· NGAO requirement.  Throughput ≥ 70% at 0.6-5.5 µm and ≥ 60% at 5.5-14 µm

· Keck I LGS AO.  Requirement met for J, H and K.  Requirement met for the interferometer at all wavelengths.  Requirement not met for L and M-bands since the current IR transmissive dichroic is a fused silica substrate that does not transmit beyond K-band.  The requirement is not met for wavelengths shorter than J-band since the IR transmissive dichroic reflects these wavelengths.
· Improvements  

· Multiple dichroics with a mechanism to change these dichroics.  

· Emissivity to science instrument.

· NGAO requirement.  Emissivity ≤ sky emissivity at K (i.e., ≤ 10%).

· Keck I LGS AO.  Requirement not met.  Emissivity is close to 30%.
· Improvements

· The current IR transmissive dichroic reflects 10% of the NIR light and therefore has an emissivity of ~ 10%.  This could be made to be essentially zero with a better dichroic coating and/or a cold body seen in reflection by the science instrument off this dichroic.

· There are seven reflections in the path to the fixed science instrument (in addition to the dichroic).  All of these mirrors, with the exception of two of the image rotator mirrors, are enhanced silver coatings.  These optics could be recoated and a higher quality clean room environment could be instituted.

· Wavefront error budget.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Photometric accuracy.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Astrometric accuracy.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Polarimetric accuracy.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Companion sensitivity.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Observing efficiency.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Observing uptime.

· NGAO requirement.

· Keck I LGS AO.

· Improvements.

· Science Instruments

· NGAO requirement. Visible imager, NIR imager and deployable NIR IFU

· Keck I LGS AO.  The visible imager and deployable NIR IFU do not exist at Keck.  NIRC2 provides a NIR imager, and it could be moved to the fixed port of Keck I, however it does not meet the performance requirements.

· Improvements

· The existing Keck AO systems have one fixed output port and one port where instruments can be rolled into position beside the AO bench.  These instruments could be procured to go at the movable output port of the 

· Interferometer support

· NGAO requirement.  Must support Keck Interferometer and ‘OHANA.

· Keck I LGS AO.  The Keck I and II AO systems both support the Interferometer and ‘OHANA.
3. Upgrades
4. Potential Upgrade Plan  

5. Summary
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