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1. Introduction

As part of the NGAO System Design phase (KAON 414), the NGAO Science Case Requirements Document have been presented and discussed in KAON 455 while KAON 548 provided the summary table in support of system architecture evaluations. 

The purpose of this report is to complement KAON 455 and 548 and document the observing scenarios for the NGAO Science Cases presented in KAON 455 for both Key Science Drivers and Science Drivers. 

In the following sections, the references to the KAON 455 requirements are noted in italic: (reqt #1.2) refers to the Science Case requirement #1.2 found in the KAON 455 tabulated requirements.  

2. Galaxy Assembly and Star Formation History
The NGAO Science Case on Galaxy Assembly and Formation History is one of the five Key Science Drivers, which place the most restrictive or technologically challenging constrains on the NGAO system. 

The requirements for this science case are described in Section 2.1.1 in KAON 455.  The following sub-sections document the observing scenarios. 

2.1. General observing strategy and observing efficiency: 

The observing goal for this science case is to survey more than 200 galaxies over a few years (reqt #1.2) . This is possible by using a deployable NIR spectrograph over an area of ~ 3 to 5 arcmin. The number of targets per  field of regard depends on the  number density for the class of objects being studied and varies between 0.1 to 40 arcmin-2  (see KAON 455, table 3). Depending on the object brightness, the NGAO+dIFS will dedicate ~ 1.5 to 4 hours of open shutter time on a set of targets (reqt #1.2). 

We have developed a tool  that estimates the total observing efficiency based on the following assumptions:

· In parallel to observing a set of extragalactic target, we anticipate the observer will dedicate one of the deployable units on a point-like source to calibrate for the PSF, and possibly for the telluric absorption (depending on the spectral class for the point-like source).

· Yet, for every set of targets, we anticipate the observer will calibrate for the telluric absorption after the science spectroscopy observations and within a certain interval in air mass and time. This should add approximately 10 min of observing time to the observations of the set of targets. In addition, we anticipate the observer will want to calibrate the flux by observing flux standards, twice trough the night.  
· The main contributors to the observing overhead will be the telescope slews, pointing adjustment and field registration, NGAO and science field acquisitions, dither/offset + instrument setup + readout. 

· We assumed individual integration time between 15 and 30 min on the d-IFS for the science targets and between 1 and 3 min for the standards.

· For each contribution (open shutter and overhead), we estimate the minimum, median and maximum values and calculate a weighted average with the following weights (1/6, 4/6, 1/6).

For an observation on a set of targets, we find that it will take 12 min on average for the full setup from initiating the telescope slew till first start of science-quality exposure. The open shutter time will be 155 min on average with 6.5 min of overheads for dither/readout. The observation of the telluric of flux standard will take approximately 10 min including ~ 55% total overhead (telescope slew, acquisition, dither, readouts). 

Using these assumptions, we derive that it will be possible to observe 3.3 science fields including the telluric standards and two flux standards for an average night of 10.25 hours numbers. 

The total observing efficiency (open shutter on science, including standards) is 87%. 

Assuming 3, 5 and 6 deployable units used (minimum, median, maximum, respectively) on the science targets, this leads to 10 to 20 observed targets on average per full observing night assuming. 

Number of allocated nights: The PI astronomer and her/his team would need 10 to 20 full observing nights to collect data for ~ 200 objects. Assuming a weather-loss fraction of 0.3 (KAON 476), this requires 14 to 29  allocated nights (spread over a few semester) to collect the needed sample of data.  

Observing model: astronomers are requesting half to full night(s) for this science case in classical observing mode. The astronomer(s) will be performing the observations remotely (either from Waimea or elsewhere) and assessing the data quality on-the-fly. The observations require less than 1 mag of extinction in the V band (for the use of lasers). The PI and the science team are responsible for  the backup observing program. 

Time domain astronomy: this does include any time-domain astronomy.

2.2. Pre-observing planning:

This section presents the actions undertaken by the astronomers prior to the observations that will require the use of specifically-built planning tools.

· Simulation tool: Astronomers will want to simulate or estimate the SNR per resolution element assuming a galaxy model (geometry, size and flux).  NGAO planning tools will need to deliver a 2-D PSF or an estimate for the SR, EE as a function of the NGS asterism and the expected observing conditions (primarily, airmass and seeing conditions). 

· NGS selection: Astronomers will use NGAO planning tools to search for, extract and save information for at least three natural guide stars from available astronomical catalogs and published material. The planning tools will allow the astronomer to register the reference stars with respect to the science targets. The data will be saved and used for the acquisition at the telescope. Some of the high-z galaxy fields are well documented and have been surveyed at different wavelengths by ground and space telescopes. For the fields less documented, NGAO will provide the mean to search for adequate NGS stars using a Natural Guide Star finder tool (see KAON xxx) . 

· Observability:  

· Observing conditions: the conditions will need to be transparent (less than 2 mag. of extinction at 589 nm) for the use of lasers.

2.3. AO observing mode:

· NGS narrow field

· LGS narrow, medium and wide

· Rotator mode

· NGS acquisition sequence:

· Available NGS stars

· Differential tracking 

2.4. Science instrument configuration: 

· Rotator position

· Exposure time, filter, noise, pixel scale, field of view, read mode

· Spectral range, Spectral resolution

· Special modes: coronagraphy, polarimetry, 

· Setup: 

· Blind centering

· Fine centering on slit/mask 

2.5. Observing sequences: 

· Dither / offsetting 

· Micro-dithering 

· Filter sequences

2.6. Science Calibrations:

· Flat-field calibrations

· PSF calibrations

· Spectral calibrations

· Photometry 

· Astrometry

2.7. Post-Observing 

· Data Product

· Data Reduction and Analysis

· Data archiving

Backup science is treated as a different observing scenario.

3. Nearby Active Galactic Nuclei

4. Precision Astrometry: Measurements of General Relativity Effects in the Galactic Center

5. Imaging and characterization of extrasolar planets around nearby stars


6. Multiplicity of Minor Planets

7. QSO Host Galaxies

8. Gravitational Lensing

9. Astrometry Science in Sparse Fields

10. Resolved Stellar Populations in Crowded Fields

11. Debris Disks and Young Stellar Objects

12. Size, Shape and Composition of Minor Planets

13. Characterization of Gas Giant Planets

14. Characterization of Ice Giant Planets

15. Backup Science
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