NGAO excerpts from 12/17/08 draft of

Keck Scientific Strategic Plan 2008
P. Wizinowich

12/19/08

The first section contains direct excerpts concerning NGAO recommendations from the current draft (I have added the underlines to items that drive our requirements).  The second section is a summary of all mentions of NGAO instruments from Claire.  The final section includes a brief discussion of my interpretation of how the KSP recommendations might drive the NGAO requirements.
The highest level summary is that NGAO is very high priority for our community.  As Claire points out the science cases for NGAO listed in the current draft need more work.

KSP Excerpts

Mega Projects

NGAO was the unanimous highest priority of the Planetary, Galactic, and Extragalactic (in high resolution astronomy) science groups. NGAO will reinvent Keck and place us decisively in the lead in high-resolution astronomy. However, the timely design, fabrication and deployment of NGAO are essential to maximize the scientific opportunity. The advent of JWST (as early as 2013 but most likely after 2016) and TMT (2019?) will place a premium on NGAO obtaining the highest spatial resolution possible and also visible band capability.

Specific planetary recommendations are, in priority order:

· NGAO: high contrast near-IR imaging, extension to optical, large sky coverage
Specific Galactic recommendations are, in priority order:

· NGAO—higher Strehl, wider field, more uniform Strehl, astrometric capability, wide field IFU, optical AO (exceptional angular resolution, 4 times better than HST)

NGAO will likely be useful for the entire next decade given that it should provide higher spatial resolution for near-IR point sources than JWST. It would be of great strategic value to bring NGAO online as soon as possible.

Extragalactic High-angular resolution recommendations:

· The future here lies with NGAO. We can divide the extragalactic science for NGAO into two broad categories:

1. Science where the benefits come from achieving the highest possible angular resolution [High priority]. Examples include detection of black holes in nearby galaxies, and observations of gravitational lenses. These observations are not usually photon starved, and will benefit strongly from NGAO. To take full advantage of NGAO for this science, extragalactic science will need an optical IFU and imager (to use NGAO at the I band), and a high-throughput near-IR IFU (possibly a slicer design). For the optical IFU, synergies with KCWI development should be explored.

2. Observations limited by S/N, where the highest possible angular resolution is not necessarily or not always the most crucial factor [Medium priority]. This would include kinematics of faint galaxies at high redshifts. Considering the strength of JWST in this regime, as well as TMT, the advantages of NGAO on Keck are less compelling for this area. Given the cost and complexity of the multi-object deployable IFU instrument for NGAO, which was primarily motivated by faint galaxy kinematics observations, the multi-IFU instrument should be the lowest priority part of the NGAO plan.
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Science Instruments (from C. Max)
In the current document, the desired NGAO instruments are not fully consistent between the "Science" sections and the later "Recommendations" sections, and have not yet been pared down or prioritized within the NGAO category.  

Here are *all* the mentions of NGAO instruments in the strategic plan document as it stands today: 

· The planetary *science* section wants to "directly image planets around low-mass stars and brown dwarfs," a near-IR activity (page 8).  The planetary *recommendations* section also wants to extend AO imaging into the optical, and requests "large sky coverage."  (page 15)

· The Galactic *science* section wants "near-IR imaging and spectroscopy over relatively large fields" (page 9).  The Galactic *recommendations* section wants "higher Strehl, wider field, more uniform Strehl, astrometric capability, wide field IFU, and optical AO" (page 16).

· The extragalactic *science* section wants "AO IR imaging" (page 11) for follow-up observations of extragalactic sources derived from large surveys.  It states the need for "deeper astrophysical analysis of extragalactic sources, e.g. the processes of galaxy formation, SNe, and AGN phenomena.  Advances in this domain generally imply higher resolution (spatial and spectral) and [higher] signal to noise observations of smaller samples." (page 12)  It states that "to be competitive, Keck will need high throughput IR instrumentation."  (page 12)  The high resolution extragalactic *requirements* section puts highest priority on "science where the benefits come from achieving the highest possible angular resolution" (page 17), and states that "to take full advantage of NGAO  for this science, extragalactic science will need an optical IFU and imager" and "a high throughput near-IR IFU" (pp. 17-18).  It states that "observations limited by S/N, where the highest possible angular resolution is not necessary or not always the most crucial factor" are medium priority, and that multiplexing the IFU instrument is the lowest priority part of the NGAO plan. (page 18)

Note from Liz: The assembly of galaxies science cases (at intermediate redshifts) may not be fully captured in the current version of the strategic planning document, and may require a re-write.  This is the region where NGAO will excel in moderately high spatial resolution (better than planned for JWST) with good SNR.  Need to distinguish between this case and the very high z galaxies where JWST may well do better than NGAO.

Resulting NGAO Priorities and Requirements

The following table summarizes the high priority items from the three science groups.

	
	Planetary
	Galactic
	Extragalactic

	High contrast NIR imaging
	High


	
	

	Optical AO
	High
	High
	High (IFU & imager to I-band)

	Large sky coverage
	High
	
	

	Higher Strehl
	
	High
	

	Wider field
	
	High
	

	More uniform Strehl
	
	High
	

	Astrometric capability
	
	High
	

	Wide field IFU
	
	High
	

	Highest possible angular resolution
	
	
	High

	High throughput NIR IFU
	
	
	High

	High SNR (i.e., low background)
	
	
	Medium


From this list I would be tempted to generate the following top priorities (of course this is only one person’s interpretation):

1. High Strehl.  This is required to achieve high contrast NIR imaging, optical AO, higher Strehl, more uniform Strehl, highest possible angular resolution, high throughput NIR IFU and high SNR.  It also supports an astrometric capability.
2. NIR imager.  This is required for high contrast NIR imaging.  I am also presuming that this is also behind the galactic group’s request for higher Strehl, wider field, more uniform Strehl and astrometric capability and the extragalactic group’s request for the highest possible angular resolution.  
3. Large sky coverage.  Explicitly called out by the planetary group and strongly supports high Strehl on a range of targets.

4. Visible imager to I-band.  All three groups gave optical AO a high priority for angular resolution reasons.

5. NIR IFU.  The galactic group wants a wider field IFU and I presume they are referring to a NIR IFU.  The extragalactic group specifically identified a high throughput NIR IFU as a high priority.

Note that low background is not an identified high priority for any of the groups.  The extragalactic group identifies this (they call it high SNR) as a medium priority.  This has become a major NGAO design driver and may need to be reconsidered. 

