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1. AO Guide Star Selection Tool 
The selection of natural guide stars is a crucial factor in determining the feasibility of any mode of AO observations.  For the current Keck II AO system, the need to select natural guide stars in proximity to astronomical targets is done using the AO guide star tool [1].  This tool queries the USNO, 2MASS, and the Hubble Guide Star Catalogs (GSC).  It also displays images from the Digitized Sky Survey (source of GSC catalog) with overlays representing the instrument field of view and AO field of regard (also known as technical field of view).  The guide star tool is used to generate a star list that is compatible with the Keck format.  The star list is the main interface between the telescope acquisition software and the AO user tools (aoacq.pro specifically).  This interface ensures that the intended science target is observed with minimal overhead.  It is assumed that the reader of this document is generally familiar with astronomical catalogs and the use of the current AO guide star selection tool over the web, see reference [1].
It is anticipated that the NIR TTS system will use from one, two, or up to as many as three IR tip-tilt stars [2].  In addition, the observer might also want to consider using the current STRAP sensor which has peak sensitivity in the visible (R band) on some targets instead.  In either case, the observer will still need to select a visible band star for the AO Low Bandwidth Wavefront Sensor (LBWFS) which helps to compensate for changes in the sodium layer structure and range.  Another consideration is that the NIR TTS system will use dichroics to select which part of the NIR bands is sent to the NIR TTS sensor and the science instrument (OSIRIS at this writing).  An observer will have to evaluate which of several possible dichroic choices is optimal.
The main interface between the AO guide star selection tool and the AO setup software is the star list file.  Currently the star list is a text file.  It must conform to certain formatting conventions.  The current format for LGS observation with AO is described here [3].  New flags will be needed for the star list to make it compatible with both visible and NIR tip-tilt stars.  Details of the new format are included in a later section. The proposed AO guide star selection tool for the NIR TTS is to modify the current web based tool to work with additional catalogs and more complex guide star configurations.  The anticipated changes and the rationale for them are detailed in the following sections.
2. Modifications to the AO Guide Star Selection Tool
2.1 New Star Catalogs

The NIR sensor will use stars as faint as K ~16 for tip-tilt correction.   This is fainter than the completeness limit of the current standard NIR all sky star survey 2MASS.  With the current version of the guide star selection tool it is possible to use the following catalogs: USNO B, Sloan Digital Sky Survey (SDSS), 2MASS point source, and GSC-2.  Currently the ability to select SDSS has been disabled because it did not cover the full sky.  It is recommended that SDSS be put back into service for the NIRTTS project.  Lack of full sky coverage is not an issue for AO guide star selection.  In particular, the SDSS covers the north galactic pole where the guide star density is low so having that catalog to cover those areas is desirable.  In general, the SDSS survey gives superior photometric and astrometric information than surveys based on photographic plates such as USNO and GSC-2.          
In the case of catalogs such as SDSS or GSC-2 that do not include measurements in the NIR, conversions can be made using several of the cataloged bands and the proper formula.  Because of its anticipated use with JWST, several studies [4-8] have been performed on the conversion of GSC-2 and SDSS magnitudes to near infrared magnitudes.  Reference [4] finds that GSC-2 is complete to magnitudes slightly fainter than J = 17, which is similar to the NIR TTS magnitude limit of K~16 assuming a late spectral type for the average field star.  The AO guide star selection tool would be modified to perform the magnitude conversion to NIR bands as needed on queries made from visible band catalogs such as GCS 2.3 or the SDSS.  At present, this same technique will be used for JWST, as they do not plan to issue future electronic versions of the GSC merged with 2MASS or SDSS catalogs.   The AO guide star selection tool currently converts 2MASS magnitudes to R band for STRAP.
Future visible and IR catalogs will provide fainter NIR guide stars than the current 2MASS catalog.  Examples of such upcoming surveys include UKIDSS, WISE, and Pan STARRS.  Most current and new catalogs have adopted a format that makes for easy web based queries.  However it is not clear if all future catalogs will support the Virtual Observatory (VO) standard format.  The authors of this note agreed that future catalogs be dealt with on a case-by-case basis as they become available, as updates to the AO guide star selection tool.  
2.2 Cross Reference Star Catalogs 

With the NIR TTS system the user will need to select both infrared and visible band stars.  At present, for a selected science target, the guide star tool can display a list of possible NGS guide stars from one of several catalogs.  The displayed lists often have the same star from several catalogs; the user is left to cross reference and cross check these lists manually.  Although a single cross check list is highly desirable, it   appears difficult to produce a consistently high quality final listing.  The catalogs currently available are not based on the same methodology, have different limiting magnitudes, and different errors in star positions.  A related issue is the user wait time when many catalogs are queried at the same time and then merged.   Cross checking a guide star between catalogs will remain the responsibility of the user.     
The listing of possible guide stars from catalog queries should display the following information in a standard layout:

Index Number, Catalog ID, RA, Dec, Bmag, Vmag, Rmag, Hmag, Kmag, Distance from science target (arcseconds)
The final set of reported magnitudes either directly from the catalog or calculated by Keck would be B, V, R, H, and K replacing the current fields, R, B-V, and B-R.   The full list is need to be compatible with the color indices used for the AO setup tool (aoacqu.pro) and differential atmospheric refraction (DAR) compensation.            
2.3 Star Catalog Image Overlays

In addition to displays from the photographic DSS Blue, Red and NIR bands, the guide star tool should also provide options to display images from the 2MASS catalog over the full sky and the SDSS in regions of the sky where it is available.  These catalogs can currently be searched and images displayed suitable for “finder charts” see the NASA/IPAC Infrared Science Archive (IRSA) [9].  There is already a script that converts Keck star lists to the IRSA finder charts table format for batch processing.  It is located at /home/kics/instr/bin/keck2irsa on the Keck software development system.
2.4 Overlays for the NIR TTS Field of Regard, Tip-tilt Sensor Stage, and OSIRIS

The current guide selection star tool will need a means to indicate that it is for the AO system on Keck I as opposed to Keck II.  The current guide star tool includes an overlay for the OSIRIS instrument.  These should be updated to reflect the new position or pointing origins on the Keck I AO system.  The Tip-tilt Sensor Stage (TSS) overlay should also be updated to reflect the orientation on the Keck I telescope and vignetting.   These tasks should be performed as part of implementing LGS AO and OSIRIS on Keck I. 

The NIR TTS full image or field of regard should reflect its orientation and possible vignetting as an overlay on the guide star selection tool.  A means of displaying both the TSS vignetting and the NIR TTS field of view at the same time is desirable.  In general, it is a good practice to not select stars too close to the edge of the field so as not to preclude dithering. As a goal, an appropriate size box for the observer’s desired dither size will be superposed on the selected stars to help this assessment.  
2.5 New Star List Flags to Indicate NIR TSS Guide Star Setups
It is anticipated that an additional flag will need to be added to the Keck star list to designate the tip-tilt stars to be used with a given LGS science target.  At present the flag lgs=1 is used to designate an LGS AO mode target and lgs=0 is used to designate a NGS AO mode target.  The NGS used for tip-tilt correction are placed on the lines immediately after the LGS science target and have no lgs identifier.  The current Keck star list format for all instruments is being updated as part of the TCSU (Telescope Control System Upgrade) project.  The new format will support a new opmode = value flag.  The opmode flag can include almost anything to indicate the observing mode for all instruments (not just AO) for that science target, possibilities include: lgs, ngs, imaging, spectroscopy, polarimetry, etc.  The opsmode keyword is reserved for science targets only.  New star list tools will be backwards compatible with the current method of LGS target designation. 

The NIR TTS project will need a means to distinguish science targets from tip-tilt stars. We propose to add additional flags to the star list to indicate whether the NGS tip-tilt star is a NIR or visible NGS or both.  Guide stars would be labeled as either visible band vistt=#, or near infrared band irtt=#, the number will be used to group the various guide stars into setups for each science target.  In addition the final star list would be populated with the appropriate NIR magnitude bands or R band magnitudes.  A short example is shown below to help clarify the proposed changes.  Lines that start with the hash sign (#) are comments for explanation of the different guide star setups.  This symbol would not be parsed correctly by the various tools that read the star list at Keck and these lines must be removed from the final star list actually used.  Also note that magnitudes, color indices, position angles are not complete on all line below, the list is for illustration purposes and is not intended as a formal statement of the final interface.
Current star list file for galactic center:

#

#   Galactic Center with USNO field stars for STRAP/LBWFS

#

Sag A*          17 45 40.041 -29 00 28.12 2000.0 lgs=1
0609-0602733    17 45 40.713 -29 00 11.18 2000.0 rmag=14.0 sep=19.3 b-v=0.83 b-r=1.65 pa=45

0609-0602749    17 45 42.287 -29 00 36.80 2000.0 rmag=13.5 sep=31.2 b-v=0.68 b-r=1.40

#
Proposed list for same target with NIR TTS
#

#   Galactic Center with IRS 7 on NIR TTS and Vis star for LBWFS

#
Sag A*          17 45 40.041 -29 00 28.12 2000.0 opsmode=lgs
IR7             17 45 39.987 -29 00 22.24 2000.0 irtt=1  kmag=6.5 sep=5.0 b-v=2.76 b-r=1.0 pa=45

0609-0602733    17 45 40.713 -29 00 11.18 2000.0 vistt=1 rmag=14.0 sep=19.3 b-r=1.65 pa=45

#

#   second GC setup if IR7 not suitable
#

IRS16NW         17 45 40.045 -29 00 26.87 2000.0 irtt=2  kmag 10.03 sep=2.0 …

 609-0602733    17 45 40.713 -29 00 11.18 2000.0 vistt=2 rmag=14.0 sep=19.3 …
#

#   third GC setup three NIR stars
#

IRS16NW         17 45 40.0454 -29 00 26.874 2000.0 irtt=3 kmag 10.03 sep=2.0  
IRS15SW         17 45 39.9224 -29 00 18.035 2000.0 irtt=3 kmag 10.39 sep=10.0 
  IRS1W         17 45 40.443  -29 00 27.55  2000.0 irtt=3 kmag 12.00 sep=1.0  
0609-0602733    17 45 40.713  -29 00 11.18 2000.0 vistt=3 rmag=14.0 sep=19.3 
#

#  default to VIS setup if all IR setups not suitable

#

#

0609-0602733    17 45 40.713 -29 00 11.18 2000.0 vistt=4 rmag=14.0 sep=19.3  

0609-0602749    17 45 42.287 -29 00 36.80 2000.0 vistt=4 rmag=13.5 sep=31.2 

#
In addition to the AO guide star selection tool, the observatory software group supports a Finder Chart tool for seeing limited instruments, see reference [10].  The software group plans to merge the AO guide star selection tool and the Finder Chart tool at some point in the future.  The new Finder Chart star selection tool will allow “grouping” targets in some manner and moving targets forward or backward in the star list that it produces.  The grouping feature is not requested by NIR TTS but is a useful feature.   
3. Effort Estimates for Modifications to Guide Star Tool
Modifications for the AO guide star selection tool discussed above will take 40 hours of work by Shui Kwok.  This time includes all future DDR phase design work, modifications to the existing tool, testing and documentation.  Current preliminary design work for AO guide star selection tool is already part of Keck NIR TTS plan.  
Integrating the above estimate into the overall plan for the remaining phases of the NIR TTS project needs to be done by Kevin McCann and Peter Wizinowich as part of the preliminary design version of the NIR TTS Systems Engineering Management Plan (SEMP).
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