Notes NGAO Monday

Attending: Bauman, Dekany, Gavel, Max, Moore, Neyman, Velur, Wizinowich, McGrath, Le Mignant, Adkins, Britton,  

Start of meeting 
Overview and planning

Group discussed which versions of the Science Requirements and System Requirements documents are current and should be used as reference documents, these are SRD version 1.1.1 and ScRD 1.1 (plus 2 updatded spread sheets on Twiki) 

Claire Max: recommends push back on requirement as we go, review on Wed. afternoon.

Rich suggested that we make it a science goal/requirement to image biggest field of view possible that is consistent with an isoplanatic angle fall off in performance for the narrow field science cases and instruments. 

Rich Dekany reviewed his goals for the workshop
Technical risk 
Requirements for science 
Costs for development and cost operation
Deliverable is FRD – subsystem architecture specific

Program structure implied by architecture decisions, time, phasing, 

Dekany  suggested  4 architectures.  These are just stating points, groups should revise as needed.  Architectures 5 and 6 branch points of 1-4 also possible.  Plan for Friday, kickoff for top candidate architecture.  In the future,  face to face meeting every week.  Possible for Hawaiian to participate by Video?  August 8 finalize architecture, August 8 release architecture.  Sept. Keck Science meeting group should present, we go public, advocate program, science defense and build on enthusiasm.  Try to avoid giggle factor 
This week meetings, but not released information to wider audience as work is ongoing.
Looming deadlines for later stages of the system design process, 

Complete the few remaining trade studies

System Design Manual need complete structure details needed
By December technical work ends, followed cost planning work

Don Gavel commented that group should try to get more input from science teams, make sure they “buy in” to results from this workshop, give science teams them a preview of our ideas before Keck science meeting.
Claire Max suggested that she might need to “get on planes” and visit people.
Also mentioned to group that science teams, will visit technical group each night.  New Science requirements iterated with new architecture.  Rich Dekany would like to have the iteration before the end of next week.
Matthew Britton gave presentation on performance budget reports. See Twiki for power point of his presentation.  Comments are given for each section below
WFE and EE 
5 typical science cases

CM: EE actual spreadsheet, MB: same place as power point

PW: Seeing might be difference between old base line and using new T6 data Rich will check this during lunch break
KAON: Updated by MB
Note on spread spreadsheet: pick sky coverage fraction, TT error derived, and sky coverage input.   
CM uncertain about how spread sheet handles focus/null mode issue  
EE:
PW: What does the seeing limited EE curve look like?
DG: previous science case (Groth Strip) WFE budget, might be wrong LGS not 6 but need 9.  
CM:  add other seeing cases, or curves with r0, theta0, 
Action RD/MB fix/revise spread sheet
CM:  Theta0 and r0 both changing, do these for several combinations for science cases Groth and COSMOS (??)
Photometric precision
RD: PSF camera all cases? 
MB large FOV, large CCD, might have PSF star automatically, one tip/tilt star systems.  Need to have a PSF star or techniques (RD CM)
CM: PSF study for next phase, discuss precision

Astrometric precision
Distortion 
6 recommendations (first 2 same as photometry camera)
PSF monitoring camera
BB: WFE over each observation, 
AO wfe over what timescale, calibration time/repeat issue
CM:  does team have a handle on WFE 
MB:  Not sure they do either, need to ask Brian Cameron

High Contrast

Clear aperture and Lyot coronagraph both simulated
DLM:  Radius or diameter in profiles
RD: How many apertures
Action for Ralf Flicker which is used: radius or diameter in plot
Polarametric precision

CM: Not huge need, except for high contrast teams

BB: Control or calibrate?  

CM: expand

BB: hard to design in, easier to calibrate

CM:  Polarizer in front of system, relative throughput

ACTION RD:  put requirement in science for these cases

Transmission and Emissivity  

CM: reduce background, redo with architectures, cooling AO see David  

Law’s study.  Evaluate these with real architectures
Efficiency: 

CM: cirrus LGS,  fratricide could be worse NGAO

CM: It will cost more for system engineering, increase cost estimate for this 

DLM:  Win/Win situation, robust system is better at coping with weather, bad seeing etc.
CM: Get a real system engineer,  for fault tolerant system, reliability, 

Summary
DLM: get KAON from other groups
MB: No polarimetry advocate, EC guidance, future needs
PW: Background KAON write up by Antonin will soon 
CM: Antonin, and David Law should compare results

Trade Study, Chris :  

* 10:30 am Summarize/review results of trade studies (Neyman) tradestudysummary.ppt

CN : Its hard to hit all the important points from the TS reports. Some TSs were de-scoped and others cancelled and a couple of new TSs.

MCAO & MOAO

* CM/DG/RD: 26-100 moving parts in the TMT AO system and has a trombone design for LGS path length compensation.

* AM/DG : Narrower field AO with a wide field pick off in open loop for TT stars.

* Action Item: for a MCAO system, the field distortion (astrometric error) needs to be characterized based on optical design.

* RD: MOAO can probably get the seeing halo (FoV could be ~30")

* CM: Science people care about the total area, how the area is split up is not their concern.

* DG/RD: Costing of the MEMS needs to be re-checked. #s floating around are not accurate. * * Lots of new options. Photonex modules are cheaper (factor of 2 w.r.t. BMM mirrors). Electronics costs are to be taken into account too.

* Vendors: Only one leader(BMM). EU researchers are also probably working on (Fraunhofer Institute?)

LGS asterism geo. and size

* DG/RD/CN/VV: The tomography error was based on optimistic model (as Ralf's model used terms that are already accounted for in the error budget). This study used the old Sci case and didn't care about EE #s for d-IFU analysis.

Fixed vs. Fixed LGS asterism geometry.

* TMT upgrade path? - what is it, do we know? - not to move them, upgrade path may include more laser power and variable asterism.

* AM: EE and Strehl has to be looked at.

* 50-100 spatial-pixel, 70 was chosen based on the Science requirements. The results weren't TT dominated.

* In meeting #4 Don has a plot between Strehl and EE for a 10m aperture. The EE for a 30m aperture is more 1:1 (linear) while for Keck it deviates. See slide # 8: http://www.oir.caltech.edu/twiki_oir/pub/Keck/NGAO/070122_NGAO_Meeting_4/Gavel_EncircledEnergyBudget.pdf

* Calibration errors, focus error, DM-lenslet registration, LGS tomography, and DM-lenslet pupil alignment errors are not Kolmogorov in nature.

# and type of NGA low order WFS

* Windshake jitter is not Kolmogorov (all energy is put in at 29 Hz.)

* CfAO funded summer student will disentangle windshake and the vibration induced jitter.

* Acquisition and IR TT sensors performance are different issues.

NGAO vs. Keck upgrade

* Have a separate 3rd system for lab testing and integration if we take the upgrade path

* The error budget is not balanced and is pessimistic for different stages of the Keck upgrade path.

* PW/RD/BB will take the error budgets up as part of a break-out session.

ASM:

* WFS and DM rotate w.r.t. each other.

* ASM costing should be looked at.

* Even with a ASM each d-IFU channel will have a MEMS DM. MOSFIRE is a Cass. instrument.

Interferometry support

* What is the real FoV (and what's the geometry that is required?).  AO relay needs to pass two stars - 30" diameter. Calibration considerations are still not worked out (switching or swapping). Elaboration on what the requirements are: MRI Twiki webpage may be able to throw some light.

Action Item :AO system with 40" dia. circular FoV with the field rotator centered at any point ... is this good enough?

GLAO for NGAO

LRIS and MOSFIRE would benefit

CM/RD: Whats the advantage of a long term wide field imager (with GLAO capability). Not enough Scientists are excited about GLAO for wide field. MAD can operate in GLAO and MCAO mode and has interesting results, this might create some interest.

* What arch. choices should we have to make sure that we don't preclude GLAO for the future if it is not implemented as part of NGAO.

* Will d-IFU be fed with GLAO instead of using a fancy and expensive d-IFU. If d-IFU gets de-scoped ... will GLAO help at all.

Telescope WFEs

* TT errors are all not accounted for

* out of field guiders are useful (common mode, 30Hz, wind-shake etc.)

Observing model

* Queue schedule, regular and Keck Flex-

* What is more important - model the PSF as a function of field position or a well defined data reduction pipe-line?

* flex model means better PSF modeling - to know when to flex!

* What conditions will the data be useful?

Instrument reuse

* NIRC2 - its better to build one from scratch.

* NIRC camera and detector upgrade and electronics will need change.

* one or two plate scale and high optical quality imager. The optics' quality isn't good for imaging. 20 maS plate scale with a larger chip to have a 10 maS. .5-0.75 $M upgrade ... the electronics are obsolete. A real upgrade would cost between 1.5-2M

* use OSIRIS' imager as the 1st light IR imager. osiris has more backgroun as it has no pupil mask. calibration is worse on osiris

What should the WFE budget for the instrument be? 30 or 60 nm ... this may be a big cost driver. 

OSIRIS needs 25-30 nm WFE budget on its science channel.

30 nm of WFE can be achieved if there is re-focusing between wavebands and choice of appropriate FoV.

Action Item: Could Sean look at the WFE budget for the Science instruments and see what the # must be, is the 30 nm # any good. Should we loosen the instrument WFE to 50 nm or even 80 nm. AM/SA : Have talked to Larkin and Eikenberry, OSIRIS exceeded the specs. SA has sent out a document with WFE slit up (to who all???)

NIRC2 has 110 nm of error inherently ... will any future instruments have this kind of high WFE. Will this complicate the AO system design or preclude certain options and will drive the design and cost differently.

AM: WFE of the instrument depends on the instrument. lenslets can produce better WFE because of the small FoV. Slicers can't be made to that surface quality.

Action Item:  Characteristics of slicer and lenslet based arch. needs to be studied. What technology should we use for the IFU.

Whats the (long term) future of instruments that go behind the AO system at Keck.

50% of the observations with OSIRIS is done with 100 maS. The 100 maS was a add-on at the end of the PDR phase. The high resolution plate scales are for some reason not as often used though intended at the design phase. The instrument throughput is lesser than the design specs of course.

Uplink AO:

DG: Pulsed lasers - (short pulses) mechanical resonantors will enable spatial filters, pyramid sensors and Rayleigh baffling. The spot size is diffraction limit of a LLT.

RD 30nm allocation for instrument allocation, 60nm-100nm
(SA met by science channels on OSIRIS now)
System level allocation for smallest plate scale and Strehl
EE science could relax error budget on system
Action: SA review instrument allocation for WFE 

PW: Does this change the architecture? 
RD:  Budget constraint 
CM:   NIRC and VIS instruments can be OSIRIS 
Image Slicer IFU 

AM:  100nm wfe, image slicer is smaller. (8x volume if lenslets) 

SA:  what is future for NIRC2 as instrument on other AO (non NGAO system)

AM: Lenslets based 100mill asec,  low pixel scales,  50% are done 100” arcsec plate

CM: all science cases want a large IFU OSIRIS FOV            

Pulse lasers uplink AO: Don Gavel gave a presentation on this topic.
Pulses lasers,  3micro seconds elongation,  Track pulse on pixels, radial line.  

Second means in to have mechanical focuser mechanism, pulse tracker. 
BB studying focal plane at input to WFS 

Villages, demonstrate except pulsed laser on sky  

Uplink AO correct,   match pulse tracking on 

2W per guide star vs 10 watts per guide star

1m projector is about optimal  

CM future document upgrade to 1m projector

PW needs to be study
Science Case documents:  Claire Max reviewed the science cases and new updates
Wavelength
PW extreme case populates the spreadsheet

DLM add seventh column for IF/ASTRA

Action of Claire: clarify field of view of instruments, what is the basis for assuming the only need 15” FOV as opposed to 40” that we have on NIRC2 now? 
Field of regard
Clarify that we are using round vs square field

AM is image big enough for sky back ground, dithering etc. these “a bit small”, might need bigger steps
Pixel size, assumed that nyquist is adequate

Subnyquist sampling needed?  Drizzling?
CM/RD interaction between largest iso-angle and largest imager field of view

Define as based on isoplanactic angle

Assume dNIRI is MOAO across its field

AO contribution less than ~30% of background

WFE 170nm    

BB: Science Target as tip/tilt star? (amplitude slitting, vs wavelength splitting).

BB: what is field of regard for TT stars?  PW must be derived

RD: EE and WFE may not be consistent in visible (R band) 

RD: 30% sky coverage may conflict with wavefront error, originally sky/wfe

Ultimately save you money by letting TT vs HO error trade against each other
RD: Sci requirement had wfe vs skycoverage not that way now. 

PW: System architecture team 

KEY POINT:
Table is not requirements but a summary for easy digestion (PW/CM)
Astrometry requirement

CM/PW need to develop error budget

PSF knowledge at what level 

CM This is a study for future work. 

DLM what important spatial and time variability

Differential tracking (non-sideral tracking)

Required

Goal for IFU 

GROUP:  REMOVE as goal for d-IFU 

PW: TT/Science wavelengths DAR, mechanical DAR 

DG: could use ADC,  Or use something else PW, architect decision 

DLM DAR used with OSIRIS now

AM: in a 2 hour exposure on OSIRIS, is this broken up by dithering steps, 

Acquisition accuracy
RD: Isn’t architectural.
DLM: tip/tilt locked, where is science target, must be good to 0.2”

PW: dither object relative moves critical

CM: 1/10 narrowest dimension of IFU field of view for acquisition
DLM: telescope moves slowly, use something insider AO or instrument to make small moves in field.
AM/BB could use IFU MEMS

RD instructions for architectures subgroups: 
Mark up sheets

Revise system design
See Twiki: architecture reports contents.   
PW discussion 

SA don’t know how to incorporate instruments constraints 

RD open loop or closed loop architectures? Full range or just subset 

Groups broke up and worked on System #1 and System #2
