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Keck Engineering Time Proposal
	Title:
	Quantifying Pupil Nutation

	Date of Observation:
	This test could be done at any time although Nov 04 or Dec 01 would be better in terms of easy preparation.

	Lead:
	Sam Ragland

	Other persons involved:
	Mark Colavita, John Gathright, Michael Hrynevych, Peter Wizinowich, Randy Campbell and Shui Kwok

	Telescope(s)
	K1 & K2 (preferably not at the same time)

	Instrument(s)
	ACAM on K1 (telescope in PMFM)
NIRC2 on K2 

	Sky time Requested
	Two hours  on K1 & K2

	Date(s) to avoid
	

	Required conditions
	Clear sky; Test on K1 needs photometric night.


	Purpose (Please describe succinctly the main purpose of the proposal: development project, general telescope engineering, instrument commissioning, problem trouble shooting, data quality, etc.):
We would like to measure the pupil motion as a function of telescope orientation in order to (1) validate the assumption that the AO pupil is fixed, and (2) measure the magnitude (if any) of this shear. This will enable (1) assessment of the impact (of pupil shear) on null leakage and interferometer upgrades such as phase referencing, astrometry,  (2) performance evaluation of IR imaging instruments (such as NIRC2) that use pupil masks to suppress background thermal emission from spiders, secondary obscuration, and (3) evaluate the potential of coronagraphic instruments at Keck that look for exo-planets.


	Description (Please describe your night-time engineering plan; provide justification for the time request, and include figures, ECR description and other attachments if necessary): 

On K2, We will be operating NIRC2 in pupil imaging mode to record K band pupil images. We will be pointing the telescope to roughly eight different azimuth positions (separated by about 45 degrees) and at two different telescope elevations (~ 60 & 80 degrees) for each azimuth.  Thus, we will be using about 16 relatively bright stars well distributed on the sky. 

On K1 as such there is no possibility to carryout pupil imaging at the required resolution. Hence, we propose the following scheme.  Configure the K1 telescope in primary mirror telescope focus mode (PMFM as in MIRA) to image the star light from each segments to a separate spot on ACAM. Optimize the spot separation (through PMFM keyword) and the exposure time. The exposure time should be ~ 30 times larger than the normal ACAM exposure time due split images. Then introduce a pupil mask (in front of DM) to partially block at least two sub-apertures.  Now any pupil shear as a function of telescope spin could be detected through photometry of the relevant sub-aperture images. The telescope will be set to the normal configuration (PMFM=0) before each telescope move so that OA acquires the object on ACAM before recording pupil images. The estimated overhead for this configuration change is ~ 1 minute. We plan to reconfigure the segments during telescope slew to maximize the telescope use.  AO rotator will be in vertical angle mode during these tests.
At one telescope position, we plan to move the rotator to 8 different positions and record images. The intention is to separate the contribution from imperfect optical alignment of the AO rotator.


	Plan for data reduction, analysis, and reporting: 
We have the experience of reducing astronomical images using IDL. Recently, we attempted carrying out this experiment with dome light and AO wavefront sensor on K1. We developed IDL routines to reduce those images. We will be using slightly modified version of those routines to measure the pupil motion and look for telescope orientation dependency to characterize the pupil motion. The results will be posted on the keckShare. 



	Other resources needed: 

· Tertiary mirror should be configured for AO.

· K1 telescope will be operated in PMFM configuration. Note that PMFM was never tried with ACAM. However, we don’t anticipate any problem. 

· Multiple K1 segment reconfigurations are being planned during each telescope slew. It’s unlikely to be an issue.



	Status and progress reports from previous use of engineering time: 

Not applicable.
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