Trade Study Possibilities

Red indicates high priority studies to be performed before May 15, 2006.

Blue indicates deftly addressed in a cavalier fashion.
· What is the optimal tilt to remove?  Should we be looking at the difference between the mean centroid tilt the minimum wavefront sensor tilt, g-tilt, etc.

· Alternative wavefront sensor and need for mechanical pulse tracker.  To take advantage of the smaller uplink corrected LGS spot, you will need a WFS that doesn’t blur the spot.  Hartmann subapertures < 70 cm blur the spot by diffraction.  Pyramid is diffraction-limited by telescope diameter – but will need a pulse tracker to keep LGS in focus on pyramid apex.

· Beam transport.  Free space versus hollow core fiber transport.

· Rayleigh issues.  How to remove or calibrate out the Rayleigh background on the WFS.  Pulsed laser, electronic shutter on WFS CCD, calibrations of background, etc.  Loss of contaminated subapertures versus more complicated solutions. (SA)

· Number of beacons & IFU MOS multiplex.  Laser count versus field and encircled energy.  Specify EE implies number of lasers for FOV.  FOV & surface density implies mux advantage.

· How big for the LGS constellation?  How many t/t stars will be needed?  What is the sky coverage given several t/t stars are needed, & natural availability of t/t stars?  What is the best diameter of LGS constellation to, on average, over the sky, give best Strehl / sky coverage.

· Enclosure temperature.  Complete H/K sensitivity vs enclosure temperature.  Compare to science requirements.

· Wide & narrow LGS asterisms.  If best wide-field asterism is 1 on axis, 3 at next radius and 6 at outside radius then is 1 + 3 sufficient for narrow-field performance?

· LGS asterism geometry.  Determine appropriate/necessary radial scaling of quincunx asterism.

· Narrow field asterism geometry.  Should the narrow-field quincunx asterism be flexible over 30 to 8.5” radius to optimize on-axis science?

· Keck I vs Keck II.  Trade instrument balance, laser infrastructure, ...

· ASM.  We should study the benefit of ASM to non-ASM instruments, emissivity and transmission benefit to all.

· DM stroke.  Stroke (global and inter-actuator) versus actuator spacing. (RD) 

· Upgrade existing AO system?

· K,L-band emissivity.  We will study K & L-band optimization strategy with ASM and other.

· PCS?  Do we rely on PCS for all phasing interaction, or will NGAO provide a new capability for phasing (e.g., the HO WFS or a new dedicated sensor)? 

· Decommission existing AO system?  Should the existing AO system be repackaged to meet interferometer goals? (BB,PW)

· Tip/tilt scheme.  DM on a t/t stage.  Places constraints on pupil size?  What about if some t/t is placed on DM actuators?  How does this affect the DM? (DG)

· Dichroic choices.  Dichroic changer?  Where do WFSs go?  Science & WFS paths.  Is < 600 nm necessary for NGS WFS?  Include acquisition camera choice. (VV)

· DM stroke versus TT control bandwidth.  If using DM to provide high bandwidth control this places constraints on DM stroke.

· VASAO.  Should we consider the CFHT polychromatic laser approach to t/t sensing?

· MEMS-based correction for LOWFS. (DG, RD)

· Sky coverage.  Trade sky coverage versus rms wavefront error for 3 cases of increasing complexity: one NGS for fast low order WFS (vis or NIR), 3 NGS and 3 NGS with MOAO.

· Does 4x4 pixels per subaperture help versus 2x2 pixels for LGS projection on-axis?  Marcos said this is not useful for LG off-axis projection.  Need to ask him if on-axis makes a difference.

· Consider all-new instruments. (SA)

· Long science exposures.  Error budget development to understand issues.

· NGS HOWFS.  Do we need two NGS HOWFS (vis & IR) to meet science &/or optical constraints? (PW -> science teams)

· 31x31 subaperture LGS sensors?  Are lower order LGS WFS lenslets necessary to meet science requirements in poor atmospheric conditions?

· NGS HOWFS dispersion correction.  Is this necessary?  Could a restricted delta lambda meet the science requirements?  NGS science requirements need to be better specified. (PW -> science teams)
· LOWFS spatial order.  2x2 or 3x3 or mix?  Trade against sky coverage and wf error.

· LOWFS performance.  Trade possible upgrade paths for LOWFS: 1) MOAO correction? 2) MCAO correction? 3) More/less sensors? 4) Separate NGS LOWFS? (RD, DG)

· ACS offloading.  Would the error budget be significantly reduced by offloading segment tip/tilt and/or piston to ACS?

· Slow WFS.  Can the HOWFS be pressed into service for this purpose (with another lenslet array)?  Issue of dark current in longer exposures.

· PSF calibration/prediction.  Which science cases require this?  If Strehl is high enough, is it not necessary? (PW -> science teams)
· Interferometer looking at DM.  Pros and cons.  Needed to set DM shape?  Needed to correctly compensate for hysteresis?

· Verify error budget predictions.  Needed to tie error budget to K2 LGS AO error budget and simulation/lab results for tomography. (AB, RD)

· Focus compensation.  Proper combination of LGS focus, LOWFS focus and Slow WFS focus.

· Determine rms wavefront error over representative science fields.  GOODS-N. (AB)

· Telescope vibration control.  Consider required patrol field & sensitivity required to suppress ~ 30 Hz vibration problem.  Would a sensor well outside the AO field be useful?

· DM-lenslet misregistration error.  Quantify including effect of rotator between DM & WFS and latency in reconstructor update.

· Note: For hysteresis calculation check that closed loop timescale in used in error budget. (CN)

· LGS aberrations through relay.  Looks ok at 30”.  Check at 90”. (BB)

· Slow WFS sensitivity.  Can we get away with only sending lambda < 589 nm light to SWFS?

· Real-time computing approach.

· Radial versus square LGS WFS.

· Optimal LOWFS choice.  Pyramid, Shack-Hartmann, STRAP, visible versus IR, number of pixels, etc.

Risk areas:

· Achieving science requirements.

· Long exposure time performance.

· Science requirements adequately understood & changing.

· If science case requires PSF predictions then this has not been adequately demonstrated on the sky.

· Adequately meeting interferometer needs

· Wavefront error budget assumptions & accuracy

· Rayleigh background on LGS WFS.  Quantify for quincunx and WFS geometry.

· Bandwidth error assumptions.  Assumption that closed loop bandwidth is 1/15 of sample rate.  The rate of ~1/20 has been demonstrated, but would significantly impact error budget.

· Sodium return expectation.

· Rotating LGS constellation.

· 1e CCDs for WFS.

· Impact of telescope vibration.

· Tomography.  No sky demonstration.

· Tip/tilt tomography.  No sky demonstration.

· Achieving contrast performance budget.

· Achieving photometry budget

· Achieving astrometry budget

· Achieving desired SNRs

· Achieving polarimetry requirement

· Risk of not being able to find adequate tip/tilt stars for certain science cases.

· Fiber transport.  Mitigation is conventional beam transport.

· Availability of 65 actuator DM with 3.5 mm pitch with adequate stroke.

· DM on a tip/tilt stage.

· Switchyard approach: 

· Dichroics.  Size and performance.

· Dichroic changers.

· K-mirror.  Size, performance.

· Achieving real-time control performance requirements

· Fitting system on telescope.

· Thermal/mechanical performance of refrigerated AO system.

· Design & cost risks of interfacing with existing instruments.

· Availability of required lasers.

· MOAO for LOWFS.  Not demonstrated.

· Fast LOWFS IR (SNAP) based camera.

· Calibration unit with LGS simulators.

