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1. Introduction

The concept of mounting the NGAO narrow field deformable mirror (DM) on a tip-tilt mount to steer the light beam on the science instrument was proposed in KAON 558: “One can imagine steering the light beam on and around the science array with high accuracy using a steering mirror or a probe arm installed in the science light path. Any move can be very fast (very likely < 2 sec), and the steering mirror could be used for fine guidance/centering on a slit, a spaxel, a coronagraphic spot or any location on a detector. This steering mechanism could be used to compensate for differential atmospheric refraction, differential tracking, or any effect leading to centering and positioning error on the science path. The AO loops would remained closed as long as required on the LOWFS, the high order WFS, etc.”  The purpose of this KAON is to further develop this concept and to better understand its implications on the rest of the NGAO system.  
2. Preliminary Calculations

Assumptions:

· Pupil diameter on MEMS: 23 mm (slightly under the ~ 25 mm MEMS diameter; corresponds to 10 m on the telescope primary mirror).

· Focal ratio at MEMS: f/46.  Plate scale at the focal plane after the MEMS DM is therefore 46/15 * 0.727 mm/arcsec = 2.23 mm/arcsec.

Calculations:

· Ratio of image motion to DM tilt: A 1 arcsec motion in the image plane is produced by a ½ * [1 arcsec * (46/15 * 0.727 mm/arcsec)] / (46 * 23 mm) = 1.05 milli-radians = 217 arcsec tilt of the DM.

· Shift of MEMS DM actuators with respect to LGS WFS lenslets: 

· For the case of 1 arcsec image motion the actuator at the edge of the pupil is shifted by (23 mm / 2) * 1.05 milli-radians = 12 (m towards/away from the focal plane and by (23/2) * [1-(1 – 0.001052)1/2] = 6.4 nm laterally (negligible).  

· For a 10 arcsec image motion the actuator at the edge of the pupil is shifted by 121 (m towards/away from the focal plane and by 64 nm laterally.  The lateral displacement is insignificant with respect to the 400 (m actuator spacing.  

3. Dithering Comparison
The following table summarizes the differences between re-pointing the telescope and tilting the narrow field DM to perform a dither.  Using the NF DM tilt to dither has a clear observing efficiency advantage.  It may also offer some scientific advantages by keeping the optimal AO correction centered on the science target (item 2), maintaining the AO performance at least for small moves (item 5) and better maintaining the optical path to the science target (item 3b).
[image: image2.emf]# Category Telescope Move Narrow Field (NF) DM Tilt

1

Observing Efficiency 

(tasks to perform dither)

Inefficient: Open LOWFS/TWFS loops, 

move telescope,  move LOWFS, reclose 

loops, optimize with TWFS.

In NGS mode move NGS WFS instead.

Efficient: Tilt NF DM (then limited by 

detector readout time?)

2

Optimal AO 

Performance Location 

Remains fixed on Detector (better for 

mosaicing)

Remains fixed on Target (better for 

maintaining target PSF uniformity)

3a

Optical Path to Science 

Detector

Optical path (through telescope & AO 

system) to detector unchanged

Optical path to detector changes prior to NF 

DM.

3b

Optical Path to Science 

Target Optical path to science target changes

Optical path to science target changes post 

NF DM

3c

Sky & Thermal 

Background Removal Identical path for sky & thermal background

Equivalent to tilting the telescope primary 

mirror or (slowly) chopping

4

Detector Non-Uniformity 

Correction Provides this Provides this faster

5

Image Plane Distortion & 

Field Curvature No change with respect to science detector

Moves these with respect to detector.  

Moves these less with respect to target.

6a

Wide Field LGS AO 

Performance (includes 

TTFA & TWFS)

LOWFS/TWFS measurements & first relay 

AO corrections could change since LOWFS 

moved

No change for WFS measurements & first 

relay AO corrections

6b

Narrow Field LGS 

Asterism Performance No change

LGS WFS lenslet to NF DM registration 

changes change seems negligible

7

NGS AO Performance

Could change since NGS WFS has to 

move

Could change since NGS WFS has to 

move.  NGS WFS lenslet to NF DM 

registration changes seem negligible.

8

Repointing Accuracy

Determined by LOWFS pickoff positioning 

accuracy

Determined by tilt mirror positioning 

accuracy

9

Repointing Range

Limited only by range in which LOWFS 

pickoffs can be repositioned

May be limited by performance issues 

(background or registration)

  
3. Differential Tip-Tilt Correction Comparison
The following table summarizes the differences between using the LOWFS or NGS WFS and tilting the narrow field DM to compensate for differential motion between the NGS used by the LOWFS/TWFS or NGS WFS and the science target.  These effects include differential atmospheric refraction, differential tracking (non-sidereal science target), pointing corrections for the science path atmospheric dispersion corrector and drifts of the science instrument with respect to the AO system.  Note that tilt of the narrow field DM would not be able to be used for angle tracker offloads from the interferometer in LGS mode.  The performance impacts of using the different approaches were already mentioned in the previous table.
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Category LOWFS for LGS Mode NGS WFS for NGS Mode

Narrow Field (NF) DM Tilt 

Tracking

1

Differential Atmospheric 

Refraction

LOWFS offset tracking or 

pickoff tracking

NGS WFS offset tracking or 

pickoff tracking

Yes for LGS mode 

No for NGS mode

2

Non-sidereal Tracking

LOWFS offset tracking (very 

limited range) + periodic pickoff 

moves or LOWFS pickoff arm 

tracking

NGS WFS to woofer tip/tilt to 

telescope

Yes (limited range) + periodic 

LOWFS pickoff moves for LGS 

mode

No for NGS mode

3

ADC pointing correction

LOWFS offset tracking or 

pickoff tracking

NGS WFS offset tracking or 

pickoff tracking Yes

4

Science instrument drifts 

wrt AO

LOWFS offset tracking or 

pickoff tracking

NGS WFS offset tracking or 

pickoff tracking Yes

5

Interferometer angle 

tracker offloads

LOWFS offset tracking + 

periodic pickoff moves or 

LOWFS pickoff arm tracking or 

dealt with by Interferometer

NGS WFS offset tracking or 

NGS WFS pickoff tracking

No for LGS mode

Yes for NGS mode


A major advantage of using tilt of the narrow field DM to compensate for differential motion would be not requiring the LOWFS units to track.  This could potentially significantly reduce the requirements on the LOWFS pickoff arms, LOWFS tip-tilt mirrors and LOWFS field of view.  Having one tracking unit instead of three could also reduce costs.
5. Draft Tip-Tilt Stage Performance Requirements

KAON 548 provides the following relevant requirements:

· Differential tracking: ( 50"/hr.  
· Acquisition accuracy: ( 10% of IFU field, ( 35 mas relative for IFU & ( 200 mas for the interferometer.
· Dither distance: ( 50% of field.

· Dither accuracy: ( (/D.

· Dither time: ( 3 sec.

· Micro dither distance: ( 0.5(/D.

· Micro dither accuracy: ( 0.25(/D.

· Micro dither time: ( 3 sec.

· Positioning knowledge: ( 0.1(/D or ( 5 mas for the IFU.

· Science image drift: ( 5 mas.

Tip-Tilt Stage Requirements (based on the above requirements and discussion):

· Tip-tilt range: ( 2170" for the tip-tilt stage.  This corresponds to ( 10" radius in the focal plane which is half the maximum field radius.  Based on calculations earlier in this document a 10” radius should not impact performance. This range would allow differential tracking for ( 24 minutes before having to reposition the LOWFS.  Larger dithers would require a telescope move.
· Tracking rate: ( 10,850"/hr for the tip-tilt stage.  This corresponds to 50"/hr of image motion.  The rate on the stage is up to 3.0"/sec. 
· Positioning accuracy: 4.34" for the tip-tilt stage for anywhere in a 2170" radius.  This corresponds to (/D = 20 mas at 1 (m in the image plane.  

· Positioning time: ( 3 sec for moves anywhere in a 2170" radius for the tip-tilt stage.  Should consider a goal of 2 sec.
· Micro-positioning accuracy: 1.09" for the tip-tilt stage for moves of up to 2.17".  This corresponds to 0.25(/D = 5 mas at 1 (m for moves of 0.5(/D at 1 (m or 2(m in the image plane.  

· Positioning knowledge: ( 0.43" for the tip-tilt stage.  This corresponds to ( 0.1(/D = 2 mas in the image plane at 1 (m.  This likely requires a load encoder with at least 2x this resolution.  
· Tracking accuracy: ( 1.09" for the tip-tilt stage.  This corresponds to ( 5 milli-arcsec in focal plane.
· Tracking update rate: ( 40 Hz.

· DM position stability: ( 0.05 of the actuator spacing in the plane of the DM.  This corresponds to 20 (m at the DM assuming 400 (m actuator spacing.
· Must be able to support the mass of the MEMS DM and cable connections at the DM.

· Must not introduce vibrations into the MEMS DM while science exposures are in progress.  Note that some initial vibration during a re-positioning should be acceptable if it ends during the allotted move time.
6. Conclusion

The scientific benefits, operational simplicity and reduced LOWFS complexity of mounting the narrow field DM on a slow (i.e., non-RTC) tip-tilt stage are all significant enough to warrant including this stage in the NGAO baseline design. 
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