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1. Introduction

This document provides the design requirements for the NGAO acquisition subsystems: Natural Guide Star (NGS) and Laser Guide Star (LGS) acquisition.

This NGS acquisition system design document intents to develop a design concept for acquiring the natural guide stars and providing a means of transferring their coordinates to the natural guide star and low-order wavefront sensors. 
1.1. NGS acquisition for NGAO: some definitions and assumptions

The term natural guide star (NGS) used throughout this document refers to astronomical sources at infinity with an apparent radius of less than a few arcsec that are normally used for WFS sensing with current AO instruments; this may include asteroids, some planets and their moons, stars, binary stars, QSO, core of AGN, etc.

The term science target used throughout this document refers to astronomical sources at infinity acquired on the science array for the purpose of scientific research. Note that scientific targets, particularly extragalactic sources, are very likely to be too faint to be imaged at all on the NGS acquisition system. 

Any NGAO observation requires at least one NGS source for wavefront sensing. This NGS can be at times the science target itself. The NGS acquisition system will image objects at infinity on a visible or near-infrared camera and will allow the operator to position the telescope such that the objects of interests will be aligned with the sensors of interest. In a subsequent phase, the sensor will monitor the NGS flux, adjust its setup if necessary and attempt to close the loop on the NGS. The NGS acquisition process will end when the residual tip-tilt error satisfies the WF error requirements for the observing sequence.

Do we need other success criteria for the process?
The NGAO system will function with the following wavefront sensing modes:

· A single NGS source in NGS AO mode. This NGS can be resolved spatially and have a diameter of up to xx”. Note that the use of elongated objects (e.g., binary stars) along a certain PA or objects with non-uniform background may lead to problems in the AO control loop. 

· Between one and three NGS sources for the LOWFS in LGS AO mode. The following conditions must be met: the science target(s) must be registered with the science detector(s) and the NGS sources must be located within an 180 arcsec-size box and registered with the LOWFS and truth sensors.
2. Required functionalities for NGS acquisition system

This section lists the required functionalities for the NGS acquisition system.

2.1. Guiding with the NGS acquisition camera

The NGS acquisition system must offer the capability to be used as a guider for the Keck telescope. The guiding requirements are to be found in KSD 40 and the MAGIQ documentation. These requirements includes using the acquisition camera for:

· Telescope ”coarse acquisition” and pointing adjustment

· Fine acquisition on sensors (see sections below)

· Guiding on a NGS using the acquisition camera

The NGAO NGS acquisition system does not require to control the secondary mirror piston and tip-tilt (à la MAGIQ).
The use of guiding with the NGS acquisition camera is anticipated mostly during the Integration and Testing phase for the instrument: laser on-sky testing, integration and alignment of some subsystems, etc.

2.2. Fine acquisition of objects at infinity on NGAO sensors 

The NGS acquisition system will image the referenced objects (sensitivity allowing) to be acquired on the following sensors.

· NGS source for the NGS high order WFS

· NGS source for the near infrared (NIR) Low Order Wavefront Sensors (LOWFS)

· NGS source for the truth sensors (wide and narrow)

· Science source(s) on the science array(s)

The field of view of the NGS acquisition camera should allow to image at once all NGS sources used for a given observing sequence. Hence the field of view of the acquisition camera should be greater than 180” x 180”, yet remains within 120% of that value for easy recognition of the field of interest.  

2.3. Calibrations and registration of the NGS acquisition camera

The NGS acquisition camera will be used as the reference to register the K-mirror optical axis, the LOWFS, dIFS and truth sensors pickoffs, as well as the narrow field science arrays. This information is used to derive the pointing origins and perform the fine acquisition steps at the telescope, per KSD 40. 

The registration is performed during the day, by imaging an internal AO simulation source. The registration accuracy between the sensors and the NGS acquisition camera must documented to less than 100 milli-arcec over the entire field-of-view.  There is no way we can get a registration on the order of ~20 milli-arsec with 0.1 – 0.2”/pixel scale.. 
2.4. Field identification

The NGS acquisition system will be used for field identification. During field identification, the data product from the NGS acquisition system is compared to the available information from the catalog or the observer to produce a unique solution for identifying the sources in the field of view and position the telescope with respect to the sensors. 

· The data product from the acquisition system and the information from available catalog or literature should be using the same photometry system, and with comparable spatial resolution. 

· The information used for field identification will include:

· The data product from the NGS acquisition camera: an optical or NIR image with a given spatial resolution, pixel scale,  corrected  for pixel response and calibrated  for photometry and astrometry. 
· The telescope pointing information: the Keck telescope uses the guide star catalog (GSC-I or II?) for pointing correction. The Guide Star Catalog II (GSC-II) is an all-sky optical catalog  based on 1" resolution scans of the photographic Sky Survey plates, at two epochs and three bandpasses, from the Palomar and UK Schmidt telescopes. This all-sky catalog will ultimately contains positions, proper motions, classifications, and magnitudes in multiple bandpasses for almost a billion objects down to approximately Jpg=21, Fpg=20. Looking ahead, the GSC-II will form the basis of the Guide Star Catalog for JWST. This was constructed in collaboration with ground-based observatories for use with the GEMINI, VLT and GALILEO telescopes. Can we have the same capability with a NIR acquisition camera / which NIR database?
· The target list information (science and reference object names, coordinates, epoch, proper motion, brightness, color and comments) provided by the astronomer, based on NIR or optical data and including possibly the latest astrometry measurement for the science field. This data may come from all-sky surveys. Possible NIR surveys are 2MASS, DENIS, UKIDSS, VISTA, CFHT-WIRCAM, etc. Possible optical surveys are GSC-II, LSST, SDSS, and Pan-STARRS. It is expected that the astronomer will use the NGAO pre-observing tools  to collect and assemble the necessary information. The offset between science targets and reference sources will be used to position the telescope and the pickoff arms for LOWFS, the truth sensors and the d-IFS.
· A sky chart with a given resolution and sensitivity based on available on-line survey data or previous observations from Keck or any telescope.

· Other material such as any published paper for the scientific field. 

The difficulties in field identification reside in situation where:

· The telescope pointing information is erroneous by about a field of view of the acquisition camera.

· The numbers of identifiable objects in the recorded image are scarce (either due to the physical nature of the field,  the error in telescope pointing, the camera sensitivity or a poor atmospheric transparency).
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