Comments on DAVINCI Overview and Optical Design Report

Comments on version 1.0:

· Cover page: Please add KAON number.  Please add the logos for our 3 NGAO organizations. 

· Sect. 5.1. 

· I tend to agree with your four top level science driven requirements, but I’m not clear that we can show where these all came from.  Table 1 & 5 might be a sufficient answer and you should reference these at this point.  I’m not too worried about this for the mini-review but we do need to make sure we know where each requirement came from to justify them and in case we need to push back on them.  Some examples: Imaging over an FOV as large as possible doesn’t sound science driven, but you can point to 30” in Table 1.  We have a new requirement for stellar populations that seems to drive us down to I-band for imaging, but it is not clear to me that we have a science case that drives us to I-band for IFS (I do see this in Table 5 which surprises me since we had been looking for a I-band science case and apparently we had one).  Also, being picky, 2 pixels at 0.7 um would be 7.2 mas and 3 pixels at 1 um would be 6.9 mas which you don’t achieve with the 8 mas pixels. 

· In Fig. 1 what are series 2 and 11?  It is not clear which curves go with which axis.  Presumably the bright green curve is the one that goes with the transmission axis. 

· The Dekany et al. 2009 reference is likely going to need to change to a new KAON that Rich is producing that will be configuration controlled.  I think it is KAON 716.   

· Sect. 5.1.1.1.  

· 2nd sent. Missing a “a” in “Given square detector”. 

· 1st para.  You come at the pixel size in this paragraph from the perspective of what will fit into a 40” FOV but you haven’t said why 40” is a magic number (actually I don’t think it is).  You should probably come at this from the perspective of the required spatial sampling as you did earlier in the requirements. 

· 2nd last para.  You should say somewhere how long it takes to perform 16 Fowler samples.  If this time is small then no issue, if not then it would limit your shortest exposure time. 

· Last sentence reads poorly. 

· 5.1.1.2.  

· 2nd sent.  Missing an “in” before “Table 3” 

· Table 2.  Just a check – is it right that H should have a higher background than K?  I suppose it is but could you educate me as to why?  OH? 

· Table 2. Do you really want two decimal places for the wavelengths?  I don’t think so.  Same for table 6. 

· Table 3. Laser row missing a space in “900s” 

· 5.1.2 

· Table 5 lists fovs of >=5” dia with spatial sampling of 20 mas.  Yet in the intro you say that the field sizes are either 0.8, 2.8 or 4” and for the science cases that want 20 mas sampling they will have to use 10 mas sampling and only have a field of 0.8”.  These discrepancies should be addressed in the text. 

· 5.1.2.1.  Why not provide IFS sensitivities as you did for imaging? 

· Sect. 5.2. 

· Principle 2 “to the to” 

· Fig. 4.  Do the advantages of having the IFS pickoff near a focal plane outweigh the disadvantages?  Any dust or structure on this pickoff will be reimaged to the detector focal plane and any non-repeatability in the pickoff positioning will move this structure on the detector.  Perhaps this is not much of an issue for an IFS (as opposed to an imager)? 

· From a non-expert perspective 45 filters sounds like a lot.  We should make sure that these are all justified as well as the number of filter wheels. 

· 5.3.1.2 

· 1st para. Last sent.  Is there any science driver for doing simultaneous imaging in the outer field while also doing IFS science?  This would drive the parfocality.  I don’t think that observing efficiency would be impacted by not having the imager and IFS parfocal.  It would be nice to have them close in focus so that we don’t have to worry so much about calibrations being valid for both. 

· 3rd para.  Why do you call these three mechanisms unique to the NGAO instrument?  NIRC2 for example has a pupil mask rotator.  Doesn’t NIRSPEC have a changer between grating and mirror (or am I thinking LRIS)? 

· 5.3.2 

· 2nd para., 1st sent. should finish as “the AO systems optical axis and science focal plane.” 

· 2nd last sent.  I’m not sure a bellows will work since we do need good insulation.  We may need some capability to shim. 

· Last sent.  Why wouldn’t this require insulation?  We don’t want this to be a heat source. 

· You can reference the alignment KAON and grab relevant numbers from it once we have agreed on what they should be. 

· 5.3.3. 

· 2nd sent. missing “in” in “mounted the”. 

· 2nd sent. “cooled by a liquid to air heat exchanger”.  The electronics vault will have an air to liquid heat exchanger to cool the vault.  You just need fans (vibration isolated) in this rack.  

· Could you specify whether this is a standard 19” rack and its height?  Also is there any maximum cable length issue? 

· 5.3.4 

· The GUI design is definitely worth discussing with an AO-expert SA.  I believe you have already been having some discussions (perhaps on unrelated topics) with Conrad.   

· 6.1 

· Driver 2.  This is not an obvious driver until after you have selected where the cold pupil masks are.  Might want to re-order drivers 3 and 2 and then reword 2 as a focal plane before the pupil mask. 

· Driver 3.  Have you justified the scientific need for the rotating pupil mask somewhere?  How much worse is the background if you use a circumscribed mask?  I believe that this is more important for NIRC2 since it works at longer wavelengths.  OSIRIS or NIRSPEC don’t have rotating pupil masks to my knowledge. 

· Driver 4.  I agree this makes it easier, but I’m not sure it should be a driver.  It might be more important from an alignment ease perspective. 

· Driver 6.  This doesn’t sound like the right driver.  Isn’t the right driver the pixel scale? 

· Driver 7.  We need to double check that these are the right choices scientifically. 

· Driver 8.  Might add that this choice was primarily made for cost reasons (even though it is good technically). 

· Other drivers. I would have expected to see the AO output focal ratio and pupil location.  Also the physical constraints imposed by MOSFIRE being adjacent to the AO bench (window can only be so far in front of the focus) and on the Nasmyth platform (height of the optical axis above the platform; constraints of the enclosure). 

· 6.2  

· What value do the image quality numbers provide when the real spec is the wavefront error?  Are these actually consistent?  Can you please directly reference notes 3 and 4 to Dekany’s error budget (which will be under configuration control)? 

· Distortion.  What does 0.5% mean?  Does this mean 0.5% of 30” = 0.15” or 0.5% of 1 pixel = 0.04 mas.  Perhaps could make the definition clear (sorry if this already has a standard definition).  We are trying to do 0.1 mas astrometry so 0.04 mas is already a substantial chunk.  We should tie this to the astrometry flowdown budget (an admittedly incomplete flowdown at this point). 

· Note 5. Why do you mention the plate scale? 

· Can we tie the throughputs to the throughput flowdown budget please? 

· Non-uniformity.  10% sounds high to me if we are trying to do 1% or better photometry.  Is this spec acceptable to the science team? 

· Instrument background.  If these are all the same why then differentiate them by wavelength? 

· Ghosting.  Do you have a reference for this be an acceptable level? 

· Note 10.  Shouldn’t this go down to 0.7 um? 

· 6.3 

· 1st para.  Nominally f/46 should produce a plate scale of 0.727 mm/” * 46/15 = 2.23 mm/” versus the 2.5 mm/” you quote. 

· 1st para.  Last sent. you say a 100 mm diameter focal plane but earlier you proposed a 90 mm window.  Is this ok? 

· Fig. 8.  There was some issue at this week’s opto-mechanical interface meeting about DAVINCI having moved to the right on the Nas platform because of this layout.  This may already have been resolved, however would there be any problem with just flipping this design about the input beam? 

· Fig. 8.  Would be useful to label more of these optics, although I see this covered largely in Fig. 9 

· Fig. 9.  Here you show a mirror with a hole in it to feed the IFS.  This is different than you had described the pickoff until this point.  I have more concern about a fold mirror at the focal plane for the imager that will be used for precision astrometry and photometry. 

· Would there be much advantage to you if we could reduce the AO output f/# to DAVINCI at the level of perhaps 10%? 

Comments on version 1.1:

· Sect. 6.3.1.  

· Fig. 10 could use some labels (so you do not have to go back to Fig. 9 for reference. 

· Fig. 10.  Why do you have such a large opening angle on OAP1?  This just makes this OAP more expensive to manufacture.  Same question for OAP2, OAP3 & OAP4. 

· 3rd para.  You note that the distance between OAP1 and OAP2 is long partly because of the desired 25 mm pupil size.  Of course the desired pupil size also drives the distance from the AO output focal plane to OAP1.  You can reduce both of these distances (focus to OAP1 and OAP1 to pupil image) by reducing the desired pupil size.  Can’t you work with a smaller pupil mask?  This would tighten up the requirement on alignment to the AO bench; however as I suggested in the alignment KAON you could compensate for this if the pupil mask was positionable within the instrument.  Why not go to 10 mm pupil size?  You can certainly still make a pupil mask of this size.  This would reduce the optical systems size and probably the cost of the OAPs since they could be significantly smaller.  This would also reduce the size of the filters. 

· 4th para.  Are there any pros/cons for putting the filters following the cold stop as opposed to before?  From a perspective of impacting all field points identically it would seem that putting them as close as possible to the cold stop would be best which might mean putting one filter wheel on 1 side of the cold stop and 2 on the other side.  

· 4th para.  Some filters don’t benefit from a cold pupil stop.  Would it be worth considering putting these filters on the same mechanism that the cold pupil stop is on? 

· 5th para.  3rd sent.  I don’t understand the logic of why OAP2’s focal length being shorter than OAP1’s given and image scale of 1.9 mm/” at the intermediate focal plane.  You could have chosen OAP2 to give you a range of plate scales if that were the driver.  

· In fact why not chose OAP2 to give you your final desired plate scale on the imager and do away with the 2nd relay?  You would have to pick off the beam to the IFS somewhere else but it doesn’t seem like a big deal (versus cost and system size) if we can’t simultaneously do imaging and spectroscopy. 

· 6th para. 1st sent.  I don’t see how allowing access to mechanisms drives you to 2-tiers.  This statement could use more explanation. 

· 6.4.1. 

· 3rd sent. “The first OAP … was therefore designed with only the pupil image in mind.”  As stated earlier this included a constraint on the pupil size (25 mm).  Once you had chosen the pupil size the OAP focal length was fixed, leaving you only the OAP tilt as a free parameter. Again could you do better if you let the pupil be smaller?  Also, the only instrument that uses OAP4 is DAVINCI.  What if you used some aspect (focal length or tilt) of OAP4 to help improve the situation for DAVINCI? 

· Am I right in interpreting that the maximum pupil distortion is 0.23% of the size of the 25 mm pupil?  What is the requirement you really need?  Would save money, and reduce package size, if you used an OAP with a smaller tilt?  

· Fig. 15.  Bottom left & top right.  Why bother showing multiple wavelengths when there are no chromatic aberrations?  Could just show 1 um which is easy to convert. 

· 6.4.2.  

· Table 11 and the rms wavefront error plot in Fig. 15 don’t look consistent.  I would get ~10 nm, ~10 nm and ~70 nm for on-axis, 10” and 20”, respectively from Fig. 15.  How do these compare to the requirements? 

· 6.4.3. 1st sent.  “version 9”  Please reference a KAON number. 

· 6.4.4.1. 

· 2nd para, 3rd sent.  What is the source/justification of “dividing the total RMS WFE by the square root of the number of actuators” to get the correctable wavefront error?  Note that the number of actuators across the telescope pupil is more like 60.  Also, to what extent can we assume we can measure the errors in order to know how to correct them?  We can measure the aberrations with the NGS WFS just before it goes into DAVINCI (but there are non-common path errors from the NGS WFS optics), but we have to determine the ADC and DAVINCI’s aberrations from some sort of image sharpening.  For the IFS we have no current idea how to image sharpen so non-common path aberrations between the imager and IFS would not be corrected (this needs a separate analysis from Table 13). 

· Table 13.   

· Too many decimal places on a number of items. 

· IR/Vis dichroic is only in if the NGS WFS is being used.  

· ADC missing. 

· Seems like this table should be divided into the part seen by the NGS WFS, the NGS WFS aberrations, and the optics subsequent to the NGS WFS pickoff.  Can correct what is seen by the NGS WFS better than what is after it. 

· Can you give a source for the telescope contribution (a KAON number)? 

· 6.4.5.  

· 2nd para.  2nd sent.  You say that the distortion is only 0.6% but what is the requirement?  This doesn’t seem like it would be too important for IFS.   

· 6.4.6. 

· We should hold off on additional work on more complicated coronagraphs given that the simple Lyot coronagraph meets the current requirements. 

· 6.4.6.1 

· 1st para.  These assumptions do not seem fully consistent with Table 4 in v. 1 release 2.2 of the SCRD and my recollection of our B2C decisions (great if we can do better with a simple coronagraph however).  Bottom-line in our B2C decision was I believe that only sample 1 was a requirement and sample 2 and 3 were goals.  I can’t find the delta H goal or the delta K requirement in Table 4; where did you get these? 

· Note that the goal for delta H says 1 arcmin instead of 1 arcsec. 

· 2nd para.  FOV of 1”.  But table 4, item 4.13, in the SCRD says 3” radius. 

· 3rd para.  These are not the center wavelengths of J, H & K.  I believe these should be 1.25, 1.65 and 2.2 um.  However we probably want to use K’ instead of K. 

· 4th para.  0.8” is not the median seeing at Keck.  We have taken a 50-percentile seeing corresponding to r0 = 16 cm.  I don’t think that the rms wavefront error of 170 nm applies to the key science case of imaging of extrasolar planets.  How come the range of Strehls when you have given a single value of rms wavefront error? 

· 6.4.6.3.  There is no reference or comparison to the coronagraph simulation work done by Flicker et al. (KAON 697).  From the limited text provided in this document it would seem like Ralf’s work was more complete and rigorous.  What has been added here that Ralf hadn’t already covered?  An independent check can be useful but only if the two results are compared.  I’m not keen on our budget paying for the same task twice. 

· 6.4.6.4 How does this sensitivity plot compare to the requirement in Table 4, item 4.7 (H=25 for 5-sigma in 20 min at 1”), of the SCRD?  Shouldn’t this plot be done for H instead since this was the requirement? 

· 6.5. 2nd para.  2nd use of DAVINCI is misspelled. 

· 6.5.2. 2nd para.  These are nice features for acquisition however I don’t believe that they are necessary for acquisition.  If the field is well known, which it will need to be to find the NIR tip-tilt stars then we should be able to position the science target on the IFS to the desired accuracy without these extra steps.  So, these are features that we should not drive the design or cost significantly. 

· 6.5.2.1. 

· 2nd para., 1st sent.  In 6.4.5 a 1.2 mm lenslet is mentioned.  What is the relationship between this and the 200 um pitch lenslet array mentioned here? 

· 2nd pars, 2nd sent.  Smaller lenslet pitch than OSIRIS by how much? 

· Last 2 sentences.  We should definitely re-visit the baseline concept of a different grating for each passband as we learn more about the gratings.  Could we for example, use the same grating in different orders for two passbands separated by 2x the wavelength of the lower passband? 

· Last sentence.  You have not defined the parameters in the blaze condition equation. 

· 6.5.2.2.2.  You give the worst case spot sizes but you don’t say what the requirement is or if this is or isn’t a problem.  Generally in this document you should say if the performance is satisfactory or not and justify that statement. 

· 6.5.2.2.5.  So, in Table 15, what does it mean in terms of science performance to have this much scattering reaching the detector?  Is this acceptable? 

· Table 16.  How do the combined throughput numbers compare to OSIRIS?  Why is the grating reflectivity only 60% if you have selected the grating for each band?  Is this a good grating performance? 

· 6.5.4.  

· 1st sent.  What R does the design produce? 

· 2nd para. Last sent.  “grove” should be “groove”. 

· This section presents 8 and 6 spectra options, however you don’t discuss why you are considering these two options or which one you have selected as the baseline or how you will select the baseline (or selected the baseline). 

· Other.  What would you say if the issue of polarimetry came up?  Fitzgerald for one might raise this issue?  Should a paragraph or two be devoted to this in the text?  I agree that this is a feature and that we should resist features, however it might be reasonable to at least answer the question of whether or not polarimetry could be easily addressed. 

