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Moti vation

o N

#® LGS elongation increases with telescope aperture
diameter

s Signi cant issue for LGS MCAQO on ELT's

# Several solutions have been proposed:
1. New laser pulse formats + dynamic refocusing

2. Multiple launch telescopes and laser beams per
guidestar

3. Higher power lasers + radial, high resolution CCD's
+ Improved spot nding algorithms
#® This presentation investigates solution 3 for typical
system parameters
s Backup approach if solution 1 proves dif cult
L » Basis for cost/performance tradeoffs vs solution 2 J
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Summary

-

Effective LGS spot size roughly doubles as the subaperture to launch
telescope separation increases from 4 to 15 meters

# Elongation just one of several sources of blurring

® Laser power must roughly triple for equal WFS measurement
accuracy
# Less than a factor of , since read noise is non-negligible

® Reducing detector read noise will consequently reduce LGS WFS
signal requirements
o 20% improvement if noise reduced from 5 to 3 electrons

® \Variations in results over 3 sample sodium layer pro®les are not
dramatic

® Noise-optimal WFS pixel size is roughly 1” at typical signal levels
o Fairly weak dependence; bigger impact on WFS linearity
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Designtradeoffs for DecreasingPixel Sizefrom 1” to 0.5”

o N

# Yields a quasi-resolved image of the LGS
s Little information at higher spatial frequencies with
median seeing
® Increases...
s CCD pixel count and cost
s Signal processor throughput and cost
s LGS signal level requirement

® Decreases...
s WEFS non-linearity
s Sensitivity to sodium layer variability
» Requirement for real-time gain and bias calibration

o |
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LGS Image Is a Convolution of ThreeTerms
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Spot Finding via Noise-Optimal Matched Filtering

o N

Model spot image as

Noise due to photon statistics and read noise
diag

Noise-optimal estimator

Estimation error due to noise

o |
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Spot Finding via Image Corr elation

Model

Estimation equation

Error due to noise for small

pixX

Beware of FFT scaling!
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SampleProblem Parameters

-

Atmosphere
cm at m
Three sample sodium pro®les from CTIO campaign

Laser and launch telescope
15 cm Intensity radius
1.5 times diffraction limited
45 cm launch telescope diameter

LGS WFS
m subapertures
Radial CCD with 37, 17, or 0.5” pixels
3 or 5 read noise electrons
Lenslet blurring of ; detector blurring of Dix
Launch-telescope-to-subaperture spacing of 4 or 15 meters J
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ThreeSampleSodium Layer Pro les

o N

Sodium layer profiles used for analysis
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LGS WFS NEA vs Signal Level
- -

WEFS NEA vs LGS signal level at the edge of 8 and 30 meter apertures
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aling LGS Signal Requirementsfrom 8 to 30 Meter Apertur
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Spot Finding Nonlinearity

Signi®cant nonlinearity with 1” pixels; probabably acceptable with 0.5”

pixels

Estimation error, arc sec

0.1

0.08

0.06

0.04

0.02

0.02

0.04

0.06

0.08

0.1

! !
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Correlation error at the edge of the aperture

T T T T T T T T

—— 1 arc sec pixels, radial displacement

—— 1 arc sec pixels, azimuthal displacement
— — 0.5 arc sec pixels, radial displacement

— — 0.5 arc sec pixels, azimuthal displacement

Spot displacement, arc sec

|

B. Ellerbroek - LGS elongation — 2003 CfAO Fall Retreat — p.12/14



Coping with Nonlinearity

o N

Real-time gain and bias calibration may be required
Use a low bandwidth NGS WES to calibrate biases
Nutate the LGS pointing to calibrate gain

o |

B. Ellerbroek - LGS elongation — 2003 CfAO Fall Retreat — p.13/14



Summary

.

Effective LGS spot size roughly doubles as the subaperture to launc
telescope separation increases from 4 to 15 meters

Elongation just one of several sources of blurring
Laser power must roughly triple for equal WFS measurement
accuracy

Less than a factor of , since read noise is non-negligible
Reducing detector read noise will consequently reduce LGS WFS
signal requirements

20% improvement if noise reduced from 5 to 3 electrons
Variations in results over 3 sample sodium layer pro®les are not
dramatic
Noise-optimal WFS pixel size is roughly 1" at typical signal levels

Fairly weak dependence; bigger impact on WFS linearity
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