ExAOC optical requirements
Comments by Bruce Macintosh, August 2, 2004
Responses by Brian Bauman, August 2, 2004
	Category
	Description
	Requirement
	Comments

	General requirements
	Telescope interface
	As given in Gemini ICD’s
	

	
	Environmental
	-10(C to 10(C; <50% relative humidity at MEMS

	Is it the relative humidity that is important, or the dew point?
need to verify environmental requirements at CP

	
	Gravity vector
	Up to 60( zenith angle, any azimuth angle
	

	General optical requirements
	Wavelengths
	0.7-0.9( WFS band, 1.0-2.4( aggregate science band (about 20% bandwidth at any one time); allow refocus after changing filter
Goal: AO system allows science out to 4.2 microns
	

	
	Field size
	Goal:  5x5 arcsec square; requirement:  4x4 arcsec square 
	

	
	Pupil positions
	Telecentric (pupil at infinity) for all non-collimated spaces
	Ben would like to have a real 15mm pupil before the f/64 focus at the coronagraph input.  Probably do-able..

	
	Throughput, uniformity for warm surfaces
	>50% throughput, 1.0-2.4(; >50% throughput, 0.7-0.9(;

<5% non-uniformity of throughput across pupil, 1.0-2.4(
	8 surfaces @ 92% reflectivity => 50% throughput; new protected silver has (96% reflectivity; Optosigma claims better.  May be practical to check into LLNL durable silver coating.  Coating two 4” mirrors is in the neighborhood of $7000. 

	AO relay requirements
	Focal ratios (f-numbers)
	f/16 at input of AO relay, f/64 at input of coronagraph, f/128 at science CCD
	I believe Gemini is f/16. Whoops.  I knew that.

Coronagraph appears to want slower beam.  I think that f/64 was asked for?


	
	Tip-tilt correction location
	Goal:  tip/tilt correction performed at pupil plane

Requirement:  meet the centering requirement below
	

	
	Tip-tilt range
	
(2.5 arcsec on sky
	For 20mm pupil, ( 1 arcsec on sky translates to (1 mrad surface tip/tilt, which matches PI stage specs
Could be descoped to 2-3 arcseconds
The “plus/minus 1” spec was rendered as “61” in Bruce’s version, which is why he suggested a descope!
Besides atmospheric tip/tilt, we need to be sure that we can handle whatever the Gemini telescope shake is
PI  has a new model  that goes to (2.5 mrad mechanical:  S-325.  Data sheet at www.physikinstrumente.de
/pdf/S325_Datasheet.pdf

2kHz resonant frequency unloaded, 1 kHz with 25mm x 8mm glass mirror on it.  Cf. S-330 stage ((1 mrad mechanical, 3.3kHz unloaded, 2.2kHz with same mirror), S-226 ((1.1 mrad mechanical, 9 kHz unloaded, 7.5 kHz with 15mm diameter, 4 mm thick glass mirror.
   Contact at PI : (Roland Schreier, 714-850-9305); 


	
	Centering range
	TBD% of telescope pupil
	For alignment of main telescope into instrument—need to look at telescope documents or ask Gemini

	
	MEMS size
	19.2 mm square
	=64 * 300(

	
	Beam size on MEMS
	61 actuator pitches across = 18.3mm
	=61 * 300(

	
	Common path wavefront error
	< 25 nm  integrated for aberrations with spatial frequency between 4(/D and 32(/D; 100nm rms integrated over spatial frequencies outside this range

Stability:  same
	Simulations of intensity effects indicate that this is going to get tougher – 5-10 nm mid-frequency
Is this correct for common path?

	
	Non-common path wavefront error
	< 5 nm integrated for aberrations with spatial frequency between 4(/D and 32(/D; 20nm rms integrated over spatial frequencies outside this range

Stability: same
	

	WFS requirements
	Wavelength band
	0.7-0.9(
	Some 0.8-0.9( light may be stolen by the science leg?

	
	Number of subapertures
	62 subapertures wide across pupil diameter, outer 2 subapertures half-illuminated (i.e., beam footprint is 61 lenslet pitches) 
	13.1 cm subapertures

	
	WFS CCD
	128 x 128 pixel CCD with 24( pixels
	2x2 pixels per subaperture, no guard bands.  Gemini has development effort for 256x256 array

	
	Plate scale
	1.5 arcsec / pixel
	Deserves to be revisited

	
	Field
	On-axis only; guide star will be steered onto WFS 
	Tolerance?

	
	Field steering mechanism
	Fold mirrors or fold mirror + translations
	

	Coronagraph requirements
	Alignment into coronagraph
	Accuracy: 0.1 (/D pointing, 0.1 subaperture centering

Stability: 0.1 (/D pointing, 0.1 subaperture centering over 10 minute exposure
	Centering spec may be overkill, as suggested by Anand’s e-mail of 7/19

	
	Alignment/field steering mechanism
	Fold mirrors or fold mirror + translations
	

	
	Coronagraph/science camera configuration
	Coronagraph and science camera are integrated together
	

	
	Coronagraph pupil size and shape
	20 mm round
	rather arbitrarily chosen

	
	Wavefront error after occulting plane
	5 nm mid-frequency errors


	Requirement in error budget is 5 nm mid-frequency errors 

	Science CCD requirements
	Science CCD FOV
	4x4 arcsec?
	58 mm square chip?!
Science focal plane size is lenslet array size. Still sounds big. 

	Observing requirements
	Nodding
	Nod science leg relative to WFS leg by up to  (3 arcsec
	Watch out for changes in non-common path error.  Alternative is to operate AO loop off-null
There is an additional requirement for steering of WFS with respect to science leg due to differential refraction.. In the absence of an ADC this would be ~2 arcseconds, could all come from steering the WFS. 

	
	Wavelength filters
	TBD wavelength filters + 1 open + 1 closed; locate near pupil
	

	
	Lyot stop
	Translation:  range/resolution
	

	
	Observation procedure
	TBD
	

	Calibration requirements
	Calibration hardware
	SM fiber to be used in M-Z configuration—details TBD—other hardware required?
	

	
	Calibration procedure
	TBD
	

	Metrology
	
	
	


