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Systems Engineering Status

• Overview

• Performance Budgets

• Trade Studies

• System Architecture

• Updates from Performance Budget Teams



Performance Budgets

• Overall ~50% complete

• Good progress on

• Refining WFE budget & high-contrast budget tools

• Identifying photometric, astrometric, and polarimetric drivers

• Some IPT’s investigating limiting factors using real Keck data (not yet
understood)

• Will have to draw a line and write these reports ‘as are’

• Understanding current limits to observing efficiency / uptime

• Need to improve

• Documentation efficiency

• Only draft report to date: photometric precision

• Some progress being limited by inter-project dependencies

• E.g. Not having definitive observing scenarios, instrument

requirements, etc.



Trade Studies

• Overall ~30% complete

• Good progress on

• Digging into difficult technical issues

• Collecting and understanding previous analyses

• Teamwork

• Need to improve

• Setting priorities

• Spirit of the SD phase was to pass through all major issues (as
understood in Aug 2006) in a timely fashion to identify the major
drivers
• Then, based on a preliminary architecture downselect, revisit the

important issues in more detail

• Iterate with the science team

• Several TS’s have gone 5x their budgeted scope

• Documentation efficiency
• More report drafts; more comments



System Architecture

• Initial ideas being explored in several activities
• 3.1.1 Performance Budget - update today (R. Dekany)

• 3.1.2.1.1 MOAO v. MCAO - update today (D. Gavel)

• 3.1.2.1.2 NGAO vs. Keck Upgrades - update today (P. Wizinowich)

• 3.1.2.1.3 AM2

• 3.1.2.1.4 K & L Band Science

• 3.1.2.1.5 Keck Interferometer Support - update today (C. Neyman)

• 3.1.2.1.6 Instrument Balance

• 3.1.2.1.7 GLAO for non-NGAO - update today (R. Flicker)

• 3.1.2.1.8 Instrument Reuse

• 3.1.2.2.2 Optical Relay - update today (B. Bauman)

• 3.1.2.2.3 Field Rotation Strategy - update today (B. Bauman)

• Synthesis methodology pending WBS 3.1.3 Work Scope Planning Sheet (R.
Dekany)
• Goal is adoption of NGAO Baseline Architecture at July 2007 NGAO retreat



Wavefront Error and Ensquared Energy
IPT Status

Richard Dekany (IPT Lead)
 Don Gavel, Ralf Flicker, Claire Max,

Peter Wizinowich



Wavefront Error BudgetWavefront Error Budget

Optimizations/sky coverage calculations NGAO/COO PROPRIETARY

Purpose: This worksheet will allow one to optimize sky coverage by changing parameters

in order to balance the error budget terms

Solver Input Values:

NGS LGS

HO guide star brightness LGS mV 92 PDE / subap / exposure time

HO Integration Time: 0.0005 0.0021 sec 467 Hz

Subaperture width (d): 0.077 0.264 meters 18 Subaps

TT guide star brightness LGS 18.0 mV 14.20 mH

TT Integration Time 0.0005 0.0012 sec 858 Hz

TT guide star search radius 0.0 0.0 arcsec

Number of laser beacons 1

LGS asterism radius 0.0 0.08 arcmin

Palomar Wavefront Error Budget Summary
P3K LGS LAMP PMS Binaries V R I J H K

 (μm) 0.55 0.70 0.91 1.25 1.65 2.20

 (μm) 16% 31% 17% 30% 24% 22%

/D (mas) 23.9 14.4 39.6 54.2 71.6 95.5

Atmospheric Fitting Error 102 nm 18 Subaps 0.26 0.43 0.61 0.77 0.86 0.92

Bandwidth Error 154 nm 31 Hz 0.04 0.15 0.32 0.55 0.71 0.82

High-order Measurement Error 190 nm 8 W 0.01 0.06 0.18 0.40 0.59 0.75

LGS Focal Anisoplanatism Error 86 nm 1 beacon(s) 0.38 0.55 0.70 0.83 0.90 0.94

Asterism Deformation Error 0 nm 0.50 m LLT 1.00 1.00 1.00 1.00 1.00 1.00

Multispectral Error 22 nm 10 zenith angle, H band 1.00 1.00 1.00 1.00 1.00 1.00

Scintillation Error 14 nm 0.36 Scint index, H-band 0.97 0.98 0.99 0.99 1.00 1.00

WFS Scintillation Error 10 nm Alloc  0.99 0.99 1.00 1.00 1.00 1.00

280 nm

Uncorrectable Static Telescope Aberrations 14 nm 62 Acts 0.97 0.98 0.99 0.99 1.00 1.00

Uncorrectable Dynamic Telescope Aberrations 0 nm Dekens Ph.D 1.00 1.00 1.00 1.00 1.00 1.00

Static WFS Zero-point Calibration Error 25 nm Alloc 0.92 0.95 0.97 0.98 0.99 0.99

Dynamic WFS Zero-point Calibration Error 18 nm Alloc 0.96 0.98 0.99 0.99 1.00 1.00

Go-to Control Errors 0 nm Alloc 1.00 1.00 1.00 1.00 1.00 1.00

Residual Na Layer Focus Change 0 nm 30 m/s Na layer vel 1.00 1.00 1.00 1.00 1.00 1.00

DM Finite Stroke Error 4 nm 8.0 um P-P stroke 1.00 1.00 1.00 1.00 1.00 1.00

DM Hysteresis 7 nm from TMT 0.99 1.00 1.00 1.00 1.00 1.00

High-Order Aliasing Error 34 nm 18 Subaps 0.86 0.91 0.95 0.97 0.98 0.99

DM Drive Digitization 1 nm 16 bits 1.00 1.00 1.00 1.00 1.00 1.00

Uncorrectable AO System Aberrations 30 nm LAMP Instrument 0.89 0.93 0.96 0.98 0.99 0.99

Uncorrectable Instrument Aberrations 20 nm Alloc 0.95 0.97 0.98 0.99 0.99 1.00

DM-to-lenslet Misregistration 15 nm Alloc 0.97 0.98 0.99 0.99 1.00 1.00

DM-to-lenslet Pupil Scale Error 15 nm Alloc 0.97 0.98 0.99 0.99 1.00 1.00

64 nm

Angular Anisoplanatism Error 19 nm 1 arcsec 0.96 0.97 0.98 0.99 1.00 1.00

Total High Order Wavefront Error 288 nm 0.00 0.00 0.02 0.12 0.30 0.51

Sci Filter

Tilt Measurement Error (one-axis) 3.57 mas 21 nm 18.0 mag (mV) 0.90 0.94 0.96 0.98 0.99 0.99

Tilt Bandwidth Error (one-axis) 2.68 mas 15 nm 57.2 Hz 0.94 0.96 0.98 0.99 0.99 1.00

Tilt Anisoplanatism Error (one-axis) 0.00 mas 0 nm 0.0 arcsec 1.00 1.00 1.00 1.00 1.00 1.00

Residual Centroid Anisoplanatism 1.63 mas 9 nm 10 x reduction 0.98 0.99 0.99 1.00 1.00 1.00

Residual Atmospheric Dispersion I 0.49 mas 3 nm 20 x reduction 0.99 0.99 1.00 1.00 1.00 1.00

Science Instrument Mechanical Drift 0.50 mas 3 nm Alloc (0.2 mas) 0.99 1.00 1.00 1.00 1.00 1.00

Long Exposure Field Rotation Errors 0.50 mas 3 nm Alloc (0.2 mas) 0.99 1.00 1.00 1.00 1.00 1.00

Residual Telescope Pointing Jitter (one-axis) 0.19 mas 1 nm 3 Hz input disturbance 1.00 1.00 1.00 1.00 1.00 1.00

Total Tip/Tilt Error (one-axis) 4.8 mas 28 nm 0.83 0.89 0.93 0.96 0.98 0.99

Total Effective Wavefront Error 289 nm 0.00 0.00 0.02 0.12 0.30 0.50

Sky Coverage Galactic Lat. 30 deg

Corresponding Sky Coverage 0.0% This fraction of sky can be corrected to the Total Effective WFE shown

Assumptions / Parameters

r0 0.091 m at this zenith Wind Speed 7.93 m/s Zenith Angle 10 deg

Theta0_eff 1.82 arcsec at this zenith Outer Scale 75 m HO WFS Rate 467 Hz SH using CCID56

Sodium Abund. 4 x 109 atoms/cm2 LGS Ast. Rad. 0.08 arcmin HO WFS Noise 1.3 e- rms

Science Target: SCAO HOWFS anti-aliasing NO  

LOWFS Target: SCAO Num TT 1 Num 3x3 0 LO WFS rate 858 Hz SH using H2RG

LOWFS Star Type: M Num TTFA 0 Num HOWFS 0 LO WFS Noise 4.5 e- rms

Tip/Tilt Errors Strehl ratios

Parameter

Parameter

High Order Strehl

Wavefront

Error (rms)
Strehl RatiosHigh-order Errors (LGS Mode)

Band (microns)

Total Strehl 

Tip/Tilt Strehl

Angular

Error (rms)

Equivalent

WFE (rms)

Palomar Adaptive Optics Error Budget Worksheets

Atmospheric dispersion of Air

R. Dekany 4/27/06

HOWFS subap width: 0.26 m

In this Error Budget, we assume atmospheric dispersion can be compensated with a dispersion correction LOWFS subap width: 4.75 m

Residual Atmospheric Dispersion IF THIS IS CHANGED, ALSO CHANGE THE COMMENTS ON THE OPTIM AND SUM WORKSHEETS

^            ^

Dispersion Corrector YES Correction Factor 20 x 1 n1 2 n2 ADR D r0 @ FWHM Strehl Strehl Strehl l_diff 0.3 (pix)

Residual (nm) *10^-6 (nm) *10^-6 (mas) (m) mean (mas) for /D HOWFS LOWFS p 1.2 (asec/pix)

Atmospheric wavelength subap subap r0 0.092 (m)

Dispersion (m) 10 (deg)

(mas) RMS = PP x 0.33
From Allen, Astrophysical Quantities (3rd Ed. Pg 262-3)

0.8 I&J only 780 228.15 1327 226.75 50.90 0.26 0.22 1854 1.000 Using WFS eq.

Wavelength 0.5 microns 500 nm HOWFS

Wavenumber 2 (micron)^-1 0.002 nm^-1 CCD39 4.3 CCD 400 234.47 1000 227.31 260.13 0.26 0.14 2501 0.994 Using WFS eq.

CCID56 4.3 CCD 400 234.47 1000 227.31 260.13 0.26 0.14 2501 0.999

For dry air at pressure = 101325 Pa and temperature = 288.15K : SNAP 1.0 SNAP 780 228.15 1700 226.46 61.28 0.26 0.27 1746 0.999

H2RG 0.8 HgCdTE 900 227.61 2440 226.24 50.12 0.26 0.39 1757

(n-1)*10^6 = 278.9638013 STRAP 4.3 CCD 400 234.47 1000 227.31 260.13 0.26 0.14 2501

TT Sensor

CCD39 4.3 CCD 400 234.47 1000 227.31 260.13 4.75 0.14 2441

CCID56 4.3 CCD 400 234.47 1000 227.31 260.13 4.75 0.14 2441

SNAP 1.0 SNAP 780 228.15 1700 226.46 61.28 4.75 0.27 1455

H2RG 0.8 HgCdTE 900 227.61 2440 226.24 50.12 4.75 0.39 1181

STRAP 4.3 CCD 400 234.47 1000 227.31 260.13 4.75 0.14 2441

Science Camera

p = 0.810 atm 616 mmHg B 2.1 B 388 235.03 488 231.59 125.14 4.75 0.08 19.01 0.20

T = 8 C 281.15 K V 0.8 V 504 231.24 587 229.83 51.17 4.75 0.10 23.65 0.28

R 1.0 R 563 230.17 720 228.53 59.65 4.75 0.12 27.81 0.35

n-1 = (pT_s/p_sT)(n_s-1) = 231.5865896 I 0.5 I 721 228.52 875 227.71 29.48 4.75 0.16 34.63 0.46

f = 4 mmHg z' 0.3 z' 836 227.87 989 227.34 19.40 4.75 0.19 39.57 0.52

(Partial pressure of water vapor) J 0.3 J 1060 227.17 1440 226.64 19.15 4.75 0.27 54.24 0.67

(n_h20-1) = 231.3040035 H 0.1 H 1450 226.63 1850 226.39 8.57 4.75 0.38 71.59 0.78 Note: Filter T = 72%

K 0.1 K 1960 226.35 2440 226.24 4.30 4.75 0.54 95.46 0.86

Refractivity = z_true - z_apparent = (n^2 - 1)/(2n^2) 47.69 arcsec Note: Filter T = 75%

0.0 Pa-B 1260 226.83 1284 226.80 1.09 4.75 0.28 55.19 0.68

Other equations for index of refraction: 0.0 H-cont 1659 226.49 1677 226.48 0.36 4.75 0.39 72.38 0.78

0.1 K' 1945 226.36 2296 226.26 3.48 4.75 0.52 92.01 0.85

Elden formula for dispersion of air (good from 200 nm to ~ 2.06 microns) 0.0 Ks 1990 226.34 2300 226.26 2.96 4.75 0.52 93.07 0.86

0.1 K 1960 226.35 2440 226.24 4.30 4.75 0.54 95.46 0.86

0.0 Br-g 2160 226.29 2180 226.29 0.18 4.75 0.53 94.16 0.86

Air free of CO2 at standard conditions: (n-1)*10^8 = 27891.89174 0.0 CO 2290 226.26 2310 226.26 0.15 4.75 0.57 99.80 0.87

0.0 L 3050 226.16 3750 226.11 1.69 4.75 0.91 147.53 0.94

Standard air (0.03% CO2): (n-1)*10^8 = 27896.38013 760 mmHg, 15C (?)

Temp and Water vapor

For non-standard temperature and pressure, use the following: Palomar Keck

8 4

Barrell and Sears equation: (nTp - 1) = (n15,760 - 1)*p(1+bTP)(1+15a)/760/(1+760b15)/(1+aT) 4 1.5

(nTp - 1) = 23144.22307

a = 0.00366

bT = 9.234E-07

b15 = 8.14E-07

HO Photocounts detected per subaperture per exposure

HO guide star Num subaps

Input values: across pupil Transmission worksheet

Guide star type LGS or NGS LGS LGS= 18 Palomar

Subaperture type (circular/square): square NGS= 62

Subaperture width: 0.2645 m Max Act = 62 Atmospheric transmission: 0.85 at 10 deg

Integration time: 0.0021 sec 467 Hz Number of reflections (A): 2.00 Telescope

Reflectity per surface (A): 0.80

Apparent magnitude of guide star at V: 0.00 mV Number of reflections (B): 9 7 flats (FM1,2, DM,TTM,SSM1,2,WFS pickoff) + 2 OAPs

Reflectivity per surface (B): 0.97

Derived values: Number of transmissions: 10 1 collimator singlet, 1 lenslet, 2 singlets, 1 camera window

Subaperture area: 0.0700 m^2 Transmission per surface: 0.97

Other losses 0.95 DaD vignetting loss

Notes: Other losses 0.95 lenslet scatter

The star color here is synthesized: set mV = 0 and read Band Magnitude to see assumptions Total transmission: 0.26

Band Include Center Band Log10(SFD) Color Band Spectral Spectra Flux Photons Optical Photons Detector Photocounts Notes

in wave- width (W/um/cm^2) Correction magni- Flux Flux (phot/s) per Trans- per QE per

total length (um) for mV = 0 (mag) tude Density (phot/s/um) Exposure mission Exposure Exposure

(y/n) (um) (W/um/m^2) Incident at Detector

A0 CCID56

B y 0.438 0.100 -11.500 -0.002 0.00 3.2E-08 4.9E+09 4.89E+08 1.0E+06 0.26 2.75E+05 0.40 1.1E+05 B Mag values from Bessel et al (1998), not Allen

V y 0.545 0.083 -11.212 0 0.00 6.1E-08 1.2E+10 9.78E+08 2.1E+06 0.26 5.49E+05 0.88 4.8E+05 0.23 total V-band efficiency (T * QE)

R y 0.641 0.157 -11.901 -0.007 -0.01 1.3E-08 2.9E+09 4.48E+08 9.6E+05 0.26 2.52E+05 0.77 1.9E+05

I y 0.798 0.154 -12.465 -0.003 0.00 3.4E-09 9.6E+08 1.48E+08 3.2E+05 0.26 8.34E+04 0.60 5.0E+04

z' y 0.912 0.153 -12.105 -0.003 0.00 7.9E-09 2.5E+09 3.86E+08 8.3E+05 0.26 2.17E+05 0.40 8.7E+04 z' interpolated

J y 1.250 0.380 -13.755 -0.003 0.00 1.8E-10 7.8E+07 2.95E+07 6.3E+04 0.26 1.66E+04 0.00 0.0E+00 <--

H y 1.650 0.400 -14.607 -0.001 0.00 2.5E-11 1.4E+07 5.74E+06 1.2E+04 0.26 3.23E+03 0.00 0.0E+00 <- Temporarily handle variable atm extinction in Q

K y 2.200 0.480 -14.430 0 0.00 3.7E-11 2.9E+07 1.38E+07 3.0E+04 0.26 7.8E+03 0.00 0.0E+00 <--

Optical n 0.700 0.600 -11.901 -0.007 -0.01 1.3E-08 3.1E+09 1.87E+09 4.0E+06 0.26 1.05E+06 0.70 7.4E+05 Si uses V-R correction

HO NGS guide star OR HO LGS guide star

Total photocount per exposure: 924186.46 photocounts 91.54 photocounts per subap per exposure

Photon noise: 961.35 photocounts 9.57 photocounts

Notes:

Detector QE's for V,R,I to match publised numbers for EEV39

Reference Color Corrections (Bessel, et al., 1998)

Generic Generic Sun Vega IRS7 Type CCD39 SNAP H2RG CCID56 STRAP

Type M K G A0 IRS7 Si HgCdTe HgCdTe Si APD

Band Band

B 0.60 1.80 0.65 0.00 0.00 B 0.40 0 0 0.40 0.5

V 0.00 0.00 0.00 0.00 0.00 V 0.88 0 0 0.88 0.5

R -0.60 -0.80 -0.37 -0.01 -0.01 R 0.77 0.77 0 0.77 0.5

I -1.30 -1.50 -0.73 0.00 0.00 I 0.60 0.60 0 0.60 0.5 Need to confirm values

z' -2.00 -2.00 -0.94 0.00 0.00 Note: z' interpolated from I and J bands z' 0.40 0.40 0.40 0.40 0.5

J -2.70 -2.50 -1.15 0.00 -1.00 J 0.00 0.85 0.85 0.00 0.00

H -3.80 -3.20 -1.49 0.00 -5.20 H 0.00 0.82 0.82 0.00 0.00

K -4.90 -3.40 -1.52 0.00 -7.60 K 0.00 0.79 0.79 0.00 0.00

Optical -0.60 -0.80 -0.37 -0.01 -0.01 Optical 0.70 0.30 0 0.70 0.5

Favorite for sky coverage calculations

Dark Current (e-/pixel/sec) 400 0.1 0.1 400 400

Palomar Adaptive Optics Error Budget Worksheets

R. Dekany 11/29/04

M. Troy 4/20/05

M. Troy 1/7/09 Tilt anisoplanatism labled as two-axis was actually one-axis, corrected and added both one and two axis values

Science target parameters

For full sky coverage at equator copy these two formulas into F7:F8:

Distance of science target from high order guide star 1.00 arcsec 51760.7

Distance of science target from tip-tilt guide star 0.00 arcsec 6.4 <---- Note: point this to Optim!E18 for optimizations

Zenith Angle (deg) 10

Asterism Radius 4.80 arcsec

Wavefront HO Phase

theta0 1.82 arcsecs (NOTE: not sure whether to use theta0 or theta0_effective here)

theta0 (finite aperture) 2.88 arcsecs

effective theta0 5.76 arcsecs

(This is the 'effective angular anisoplanatism - using a theta that is 2x the finite aperture theta0 - this is entirely heuristic and unexplained, but seen on MK)

Some of this is due to LGS anisoplanatism not including tip/tilt decorrelations

Along with LGS reducing the highest spatial frequency of correction (Molodij & Rousset 1997), Keck sees wider effective isoplanatic angles

(Here, for NGAO, we assume tomography will recover the high spatial frequencies, so that some of van Dam et al's 45" (K-band, or ~8" V-band) is given back).

Angular Anisoplanatism Error 18.5 nm Hardy, Eq. 9.28, pg 321 Rule of thumb:

SCAO Anisoplanatism Error at Tip/Tilt Star 0 nm Anisoplanatism goes as the 5/3 moment of turb

MCAO Anisoplanatism Error at Tip/Tilt Star 0 nm This assumes the correction applied to the Tip/Tilt Star is that

MOAO Anisoplanatism Error at Tip/Tilt Star 0 nm corresponding to the best point on the perimeter of the asterism

Wavefront TT

Tilt Anisoplanatism Error (one-axis) 0.0 milliarcseconds Keck report 280, Eq. 4.2-13

Tilt Anisoplanatism Error (two-axis) 0.0 milliarcseconds Rule of thumb:

Tilt anisoplanatism goes as the second moment of turbulence

Tilt Anisoplanatism Error (one-axis), w/ Outer Scale

Outer Scale 75 m 0.0 milliarcseconds

Multiple Guide Star Tilt Tomography

Number of NGS Guide Stars 1

Distance to nearest guide star of this set 0.0

Effective distance for tip/tilt tomography error 0.0

Tilt Anisoplanatism Error (one-axis) 0.0 milliarcseconds

Tilt Anisoplanatism Error (two-axis) 0.0 milliarcseconds

Palomar Adaptive Optics Error Budget Worksheets
R. Dekany 6/4/06

Calibration errors

Observed K-band calibration Strehl 0.989 for 37nm

Static WFS Zero-point Calibration Error 25 nm Allocation

Dynamic WFS Zero-point Calibration Error 35 nm NOTE: This assumes all internal errors are measurement limited! Typically 35 nm for LGS

There is no benefit of more actuators here (but there are for the telescope errors)

DM-to-lenslet Misregistration 15 nm

DM-to-lenslet Pupil Scale Error 15 nm

Uncorrectable AO System Aberrations 30 nm Allocation

Uncorrectable Instrument Aberrations 20 nm Allocation

Science Instrument LAMP

Calibration error should reflect the choice of science instrument

Instrument PHARO LAMP SWIFT NIRC2 OSIRIS NIRSPEC P1640 TBD

Uncorrectable On-Axis WFE 37 20 35 60 30 45 2 30 (Need to confirm for existing instruments)

Uncorrectable Off-Axis WFE 80 30 50 110 35 60 5 60

At off-axis angle (arcsec) 28.3 14.1 3.0 28.3 4.5 20.0 4.0 20.0

Off-axis angle 1.00

Instrument Error 37.1 20.1 36.7 60.1 30.2 45.0 2.2 30.1

<--- Need to deal with field dependent aberrations here.  NIRC2 110nm is not over the whole FoV!

Total Calibration Error 60 nm

Palomar Adaptive Optics Error Budget Worksheets
R. Dekany 10/20/06 Rebuilt with choice of star density models

Sky Coverage Calculations

Star Density Model Spagna (Current choices are Spagna, Bahcall, Parenti, or Allen) Note: Parenti only currently supports sky average - no b dependence

Galactic latitude (b) 30

Tip/tilt star search radius 0.00 arcsec

Guide star magnitude (mV) 18.00

Guide star magnitude (mJ) 15.30

mV 18.00 19.00 20.00 21.00

mJ 15.30 16.30 17.30 18.30

N <= J / deg / deg 1162.9 2161.9 3808.4 6354.5

N <= J / arcmin / arcmin 0.3230 0.6005 1.0579 1.7651

N within search radius 0.0000 0.0000 0.0000 0.0000

K 1 2 3 4

P(K stars < J within the search radius) 0.0% 0.0% 0.0% 0.0% Basic sky coverage is the probability of 1 star brighter than mJ within the search radius = 1-exp(-0.5*Num_in_search_rad)

P(1 star < J and K stars < (J+1)) 0.0% 0.0% 0.0% 0.0% The factor of 0.5 arises from the fact that 'nearest neighbor calculations leave out the original star, which is a valid guide star

P(1 star < J; 1 star < (J+1); K stars < (J+2) 0.0% 0.0% 0.0% 0.0% for a randomly chosen science field.  Since this original star isn't usually counted, sky coverage is actually larger than one would

P(1 star < J and K stars < (J+2)) 0.0% 0.0% 0.0% 0.0% suppose.  The 0.5 comes heuristically by drawing a regular grid of stars and considering a random field point amonst them all

Note: See the 'TT Flux' worksheet for flux increase and tip/tilt anisoplanatism reduction when using multiple GS in a way that preserves the sky coverage fraction of P(1 star < J within the search radius)

Input AO System and Observing ScenariosInput AO System and Observing Scenarios

ErrorError

BudgetBudget

SummarySummary

30+ Supporting30+ Supporting

Technical WorksheetsTechnical Worksheets



Improvements
tracked using

‘punch list’

(about 30 implemented since 1/16/07)

Major items:

Observing scenarios

Improved Rayleigh contamination model
Measured LGS return

Better SNR model through servo loop

Benefit of single-laser tomography

Separate transmission models for Keck AO and

Keck NGAO (LGS & NGS)

Truth WFS now has own bandwidth

Total WFE now calc directly from HO+TT Strehl



Latest NGAO wavefront error estimates

• Many parameters set

by observing scenario
• Zenith angle

• Guide star brightness and

color

• Required sky coverage

• Global Assumptions:
• Median r0 = 18 cm

• Turbulence-weighted wind
speed = 8 m/s

• CN N2 Cn
2(h) model

• 50 m outer scale

• Sodium laser guide star FWHM =
1.47 arcsec

• 150 W CW w/ measured SOR return

• 4 x 109 atoms/cm2 abundance

• Transmission to WFS ~23%

• Single laser tomography FA
reduction = 0.8

• Vis HOWFS
• CCID56

• 2.4 e- read noise (max; varies)

• 4 x 4 pixels per subaperture

• 6.4 arcsec diam field stop

• Optimize for Nsubaps

• Optimize for tintegration

• IR TT sensors (x2) + IR TTFA (x1)
• Distinction of TTFA v. TT not made

• H2RG
• MOAO compensated IR

guide stars

• 4.5e- IR read noise (fixed)

• 2 x 2 pixels per subaperture

• 0.1 x 0.1 arcsec field stop

• Measured NIRC2 thermal
background

• ADC in sensor

• Optimize for off-axis TT guide star
distance

• Vis TWFS sensor
• CCD39

Science 

Target

Guide Star 

Mag (mV)

HO Err 

(nm)

TT Err 

(mas)

Total Err 

(nm)

N_subap_

optimal
Band Strehl

Io 5 119 2.1 121 64 R 31%

Vesta 8 134 2.9 139 47 R 21%

Exo Jup NGS 8 136 2.6 139 51 H 75%

Mira Vars 10 170 3.8 177 33 H 62%

Orion IMF 13 338 7.8 351 15 K 34%

Gal Cen 12.2 @ 5.5" 258 1.7 258 64 K 58%

Exo Jup LGS 13 on-axis 146 1.5 147 64 H 73%

T Tauri 15 on-axis 149 1.5 150 64 K 83%

Debris Disks 16 on-axis 146 1.7 146 64 R 18%

Quasar Host Galaxies 19 on-axis 146 12.8 157 64 H 44%

KBO 10% sky (18 @ 60") 146 9.6 208 64 H 53%

Extended Groth Strip 30% sky (19 @ 75") 188 46.0 505 64 K 75% / 12%



Transmission & Emissivity

Antonin Bouchez (IPT Lead)

Brian Bauman, Richard Dekany



Photometric Precision IPT Status

Matthew Britton (IPT Lead)
 Richard Dekany, Ralf Flicker, Knut Olsen



Photometric Precision

• Matthew Britton posted v0.2 of the IPT technical report
– February 15, 2007

• 22 pages contains technical descriptions of key drivers

– Awaiting comments from the IPT, including details from L. Olsen

– Excellent collection of references
• PSF estimation
• PSF reconstruction and star-finding codes

• Concise numerical tool for rapid re-evaluation of quantitative precision
budget proving elusive
– Likely to rely on systems engineering team understanding content of this

report



Astrometric Accuracy IPT Status

Brian Cameron (IPT Lead)

Matthew Britton, Richard Dekany, Andrea Ghez,
Jessica Lu



Astrometric Accuracy

• Brian Cameron at Keck this week
– Working on distortion solutions and NIRC2 characterization with Keck staff

• Jessica Lu, et al., cranking away on Gal Cen data
– Rank order of limitations to astrometric accuracy not yet settled
– No obvious NGAO design drivers yet identified except:

• Better Strehl and Strehl stability are good in crowded fields
• The most sensitive TT sensors probably allow most flexibility for crafting

strategies that minimize tip/tilt anisoplanatism over moderate FoV s

– Will remain research area for periods long relative to SD Phase

• Concise numerical tool for rapid re-evaluation of quantitative precision
budget proving elusive
– Likely to rely on systems engineering team understanding content of the

astrometric accuracy technical report



High-Contrast IPT Status

Ralf Flicker (IPT Lead)

Richard Dekany, Mike Liu, Bruce Macintosh, Chris
Neyman



Companion Sensitivity

• IPT members: R. Dekany, R. Flicker (lead), M. Liu, B. Macintosh, C.

Neyman

• Status of work:

– Have initial performance budget spread sheet tool

– Still needs improvement in a few areas

• segment aberration/vibration PSD’s, LGS specific errors, coronagraph details

– Draft report in embryonic state

• most of the mathematical analysis, some technical description, written up

• science & observing scenarios, method description, results (etc) yet to be written

Sample (typical) contrast performance budget



Polarimetric Accuracy IPT Status

Mike Ireland (IPT Lead)
 Richard Dekany



Polarimetric Accuracy Performance Budget

• Key science metric is polarimetric accuracy as a function of distance from the
PSF core

– E.g. 10-4 at 100 mas means the ability to detect a blob of dust 100 mas
from a central source at 10-  that scatters 1% of the incident radiation
with 10% fractional polarization.

• Two different kinds of performance budgets, depending on polarimeter
architecture

– “Back-end” polarimeter

• The entire polarimetry instrument is behind the entire NGAO system.

– “Split” polarimeter

• The polarization is modulated by an element (waveplate or variable
retarder) downstream of only the primary, secondary and tertiary
mirrors.



Polarimetric Accuracy Performance Budget

• “Back-end” polarimeter budget :

– How does the differential wavefront between different polarization states
translate to a difference in PSF between polarization states?

• Differential wavefront error is due primarily to reflections off flat optics in
converging beams and is mainly astigmatic.

• With no (quasi-) static aberrations, a pure astigmatism differential aberration
translates to zero PSF difference. The PSF difference is dominated by a cross-term
that is linearly proportional to (quasi-) static aberrations and linearly proportional to
the differential wavefront

– E.g. 0.1 radians static astigmatism and 0.1 radians differential wavefront gives PSF
difference which is 10-2 of the diffraction-limited PSF: better than10-4 at 2nd Airy ring or
beyond. Math to come in report…

– At what level can an observer calibrate the PSF difference using a standard star
and how does this relate to quasi-static aberrations?

• It is difficult (impossible?) to completely correct for static aberrations if a standard
star is observed after a K-mirror rotation or telescope elevation change.

– Obviously, quasi-static aberrations that change between observations can not be corrected.

• “Split” polarimeter budget:

– More complex

– Will only be examined if the “back-end” budget can not deliver adequate
performance for primary science goals.


