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LGS asterism geometry & size

® From the NGAO SD SEMP WBS dctnry:
» 3.1.2.3.3 LGS Asterism Geometry and Size

—[ Find the simplest LGS asterism geometry meeting the
performance budget goals (e.g. quincunx, ring, | +triangle, or hex)
and the asterism radii. Consider optimization of the Strehl of the
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_introduction

LGS asterism geometry & size

® [his trade study supplies:

— some refinement to the wavefront error budget “Tomography error”
— a basis for rterating on the wavefront error budget

— support for other related trade studies (e.g. NGS, sky coverage)

— a recommendation for potential LGS solutions for Keck NGAO
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Contents

® |ntroduction

» Tomography errors

» Simulation tool

® Parameter studies
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\_introduction

lomography errors

® |n a multi-LGS AO system arise from:

» Imperfect estimation of the science FoV volume
turbulence, due to:

—[ incomplete sampling of the volume turbulence, tomography
only works where the beacons overlap (sampling error)
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lomography errors

sampling B (2)  estimatior
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lomography errors

® [Design choices that influence these terms
» Sampling :
—[ LGS configuration, sub-aperture size

(can not be zeroed in simulation)

R Estimation :
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Simulation tool .

ref. Flicker, R. C."Efficient first-order performance estimation for high-order adaptive
optics systems,” Astron. Astrophys.Vol 405, 2003.

® Method

— Monte Carlo type, random draw Kolmogorov phase screens

— Undersampled turbulence — no high-spatial-frequency errors are
simulated (but can be emulated independently)

—[(Sc MC, LTMO)AO | [ T S T )
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System model (baseline)

TR MR TS R Y

_modeling

® 43x43 sub-aperture slope sensor

—[ gseometrical, no aliasing, noise or centroidin

® 49%49 actuator corrector

—[ no fitting error
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Turbulence moael

® Mauna Kea equivalent median model atmosphere

» Gemini GLAO FSR (seeing data from 2000 - 2004)

pilINerth MM ASS datanDea 2005 Gt 006)
—[ Further work on characterizing the | 3N data i1s ongoing
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N studies
Parameter studies

® For understanding the scaling laws, we wish to
characterize the narrow-field and wide-field
tomography wavefront error as a function of :

» asterism geometry
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N._studies
Anatomy of an Asterism

Aperture 3a 4a 4b 4c

. . o e - .
[ | = sky quantum ! ! 2 i !
5a 6a /a 8a 8b o °
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. studies

Parameter: number of LGS

® On-axis tomography error vs. asterisms (all)

» best fit (exponential):
f(z) = ao + a1e**”
» NGS theory:
[ o2 x @3 )
O~ VN

5 Al

RMS wavefront error (nm)

O-tom O(N_

f(z) = ag + ayz /12

not really a good comparison...

13508

NGS theory (-5/12 power)
best fit (exponential)

10 15 20

number of LGS




. studies
Parameter: ro

-
® [omography error vs. ro and asterism (4c, 5a, 8a)
»  Fit: s
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N studies
Parameter: asterism size (notes)

—[ Each curve : RMS wavefront error and J-band (1250 nm) Strehl
ratio versus radial distance from central axis.

—{ Family of curves : function of LGS separation (in steps of ~ 10"
increments radially) for a given asterism.

— Columns (left/right) : conservative / ideal tomography assumptions

———— Vertical spread of points indicate azimuthal variations of AO
performance at a given radius
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studies

arameter: asterism size
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studies

radial field angle (arc seconds)

radial field angle (arc seconds)

radial field angle (arc seconds)
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Parameter: asterism size

N studies
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A lot of information In
the previous plots...

Main utility of wide-FoV
plots may be for finding
the level of sharpening
of NGS tip/tilt stars at a
given field angle, for a
given asterism/size.

This could be used in
the NGS/sky coverage
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N studies

Sample science cases

® From June |8 NGAQO proposal:

KBO

optimal condrtions NFAO

Field Galaxies

GOODS-N

Galactic Center —

5| Tip/Tilt Errol 5

Keck NGAO Wavefront Error Budget Summary Band (microns)

! H J«

11 4

High-order Errors Wavefront Parameter Strehl Ratios
Error (rms) | !

"Total High Order Wavefront Error_ | 177 nm High Order Strehl | 0.09 0.25 0.46 0.64 0.77

Argular Equivalent

Parameter Strehl ratios
Uy S A N 3

|

Total Tip/Tilt Error Lone-axis) 3.27 mas Tip/Tilt Strehl

Total Effective WavefrontError \ 182 nm |  Total Strehl 7;0.0770.271‘0.472‘9:&)7()”0.75]

Sky Coverage

Corresnandinag Sky Coverage

Assumptions / Parameters
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Sample science cases

® RBefore looking at the results:

» If numbers do not conform what can you do?

|. Change asterism (more LGS)
— at the expense of system complexity and cost

2. Change assumptions (improve seeing)

e R e L R S
; S e R Ve Ve ."[__:. i RN A




Sample science cases

. studies

NGAQO proposal ‘

» new simulations

LGS | zenith | r(0) | Otom : 4 measured
mode . Sa 8a
radius = angle ) (nm) error at
KBO / Gal. ,, i 89/59 69/36 )
e NIZA®, 10 48 0.18 29 2 e 0

NVA@,

0.40°

955

OH




N studies
Sample science cases

® Preliminary conclusions
(based on non-ideal, non-conservative tomography assumptions)

» Quincunx asterism (5a) fails to deliver required
performance in all cases

» Asterism 8a performs mostly ok
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. studies
Summary

The following summary is based on performance levels interpolated half-way
between the "ideal” and “conservative” tomography cases, thus representing
an average condition that is nerther too optimistic nor too pessimistic.

Science case |50 nm RMSP | Wide-FoVe |need flexible .
$$$ Seelrs (9 Inend) | INIF g (@am) | Sureinl = 020 LGS pes: 7P
s Sy 02 2] 61" yes tetrapod

0.5 |2 Vil yes quincunx
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/-layer NFAO mmod-optimization.

Asterism o | NTRMS | NTRMS | NTRMS | NTRMS | NTRMS
#1L.GS / type mmod | dtheta malt 2B on-axdis avg nm/as? avg rms
la — — /500 0.001 130.5 180.2 25/119 - —
3a VI 47314 8250 0.5/0.1
4a 2.1 49794 /875 0.05/1.0
4b 245 4:1999 SERSVES 0.75/0.1
4e 205 48525 8062.5 0.05/0.5
5a 2db L4999 SAS R ARR)
6a Pilis 48505 8062.5 056
/a i) RS /875 0.05/1.0
e b e e Sce Figure |
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2-layer NFAQO sigma-optimization

Asterism

#1LGS / type

[f1,12]

thetal
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hbar

NI
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avg
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avg
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0.75,0.25%*
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5.16

3.26

1254

| 85.1
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3a

O 0.2

B0
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4a

Oyl CE
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5.30

3.26

4b

QI8
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5.38

328

4c

0.78,0.22

3.1

5,33
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5a

0.82,0.18
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5.38

3.28

6a

Q780D
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Canonical NFAQO cases

® /-layer loop parameters (mmod optimiz.) :

— niter = 80 ; nits = 4 ; skipevery = 20 ; skipn = 400 ; skip = 5

_ acoeff = [/6; rO(in) = 0.14; rO(out) = 0.156

® )-layer loop parameters (sigma optimiz.) :

] A : :.'.:' L8 "'\-_' s A BT L SR | el | I' r.l-_- -'SI-IleaS _bO_. e iy -.'-'\-l' Ly ':: T -;-\. R W S G R, it Lok :. S 3 Ey o i R e e .-:'n.' e e o E 1
F Lotk " T A ORI R - et N, o e e ."" T g T = A ety R P et -.-"" P 8 o --. i T L S _;rJ""—E'--"'*-"-'F "“' . '::-E_"', o B T "ﬂ:l‘ - ST A ."' b '.'-J,_-m i e “'-'. T Ak s oy
.'u e I-| "II_‘ l. -.,: I'u el .{__:- .":',fra.p-_l:_":. = i I'.::,.‘_#:‘:I j.-'.‘:l- e __'; -':-:.:.__-. .'-:._ :" _".: :-|:J.!__ w2 - -..:.'.'-".: I l_::.: 1 ' P 1-.1I! I._‘_:_‘:_I‘_ .l'_‘-::TE ."_I i .I':,.'_IE ..:'-_-'__.. '|._:.:=. HES I':: '!_::T:'_I';' _1"'.__- *r .'I.-_-..-__ - '—.-'. -::fl']?..".l';l .' :.-'.-'I--'l :-._.. -I'-' % .';-... A RE G b -_.;J.' L=t 'Er'- i -.!_.'_r':r.-' _!.'.'1' s "-"I.".."ll.."!' '_'1_;;_'{:_' 1-._' -I- = ':-rl,! e :. _ "‘. L1 .__:_; :
= . ¥ ;o ¢ A R I g, P Sy BN e R e S o 3 : e B d .



_appendix

5 LS
0 avg 30" 0 avg 30"
5a Sa Sia 8a 8a 8a




\_appendix

Simulation tool

DL code (requires SOI package)
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Gemini Ground Layer Adaptive Optics P:; # ?E"‘-O'PHO"JW
w200 .

. Date: 23 February, 2005
Feasibility Study Report Page: 24

1.0
seeing at 0.50um and zenith (arcse

Figure 4. Seeing statistics for observatories located on Mauna Kea and Gemini-S. The solid line is the prediction
of the atmospheric models for Gemini-S. The model atmospheres are in good agreement with the seeing statistics.
Mauna Kea observatories, including Gemini-N, are shown to be in good agreement as well.

Keck NGAO TS-3.1.2.3.3, Ralf Flicker, November 14, 2006



