. (Keck Observatbry)" e ks |

’ .
,.g/_ ‘q.“', “

e

>

https://www.youtube.com/watch?v=3BpT_tXYy_I



https://www.youtube.com/watch?v=3BpT_tXYy_I

[Laser Guide Star AO - 2

Specific LGS errors:

from star

1- Cone effect (focus aniso.)
2- Tip-tilt indetermination
3- Perspective elongation

In addition (Na LGS case):

- Rayleigh backscattering until ~35km,

- variation of the Na layer column density
(seasonally: a factor ~5! but also short time)
and of the centroid height.

Science w/LLGS: solar system bodies, YSO
(circumstellar material), brown dwarves,
Galactic novae, starbust galaxies, AGN,
radio galaxies, gravitational lenses, clusters

of galaxies, etc.



[Laser Guide Star AO - 3

1- Cone effect

- LGS formed at finite altitude (Hyigs), with HrLgs=90-100km for a Sodium (Na)
LGS, and Higs=10-20km for a Rayleigh LGS.

- If hiager>Higs, the turbulent layer is not sensed.

- Even when hi.yer<Higs, the outer portions of the turbulent layer are not sensed
(with if hiayer=0).

- The turbulent layer at altitude hiayer is also sampled differently by the LGS and the
observed object at infinity (if hiayer=0)
=> the laser beam diameter is reduced by a factor (1-h/H)
=> there is a differential « stretching » between the laser wavelront and the object
wavefront, and:

5
3

D "
- with dg ~ 2.91 6§y Hics
) |

For example: 0p~2.5”, H=90km => do~3.2m.

- Multiple beacons => focal anisoplanatism decreases !

[see Nature cover 01/2000, Ragazzoni |



[Laser Guide Star AO -4

2- Tip-tilt indetermination => tip-tilt anisoplanatism error
(= anisokinetism error)

2

4 . ()
| OTT aniso.




[Laser Guide Star AO -5

3- Perspective elongation => SH spots elongation
(Na: 10-15km@90-100km, 589nm,
Rayleigh: ~2km@10-20km, 3556nm)
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Quality of correction ? - 1

Toost 40[0,0]
Jperfect|0,0]

where 1/0,0] is the intensity of the PSF at the optical center of the field
(K. Strehl, Zeit. Instrumenkde 22, 213 (1902)).

a
—_—
L —_—
‘

5 = exp{ 0505t a0}

in the framework of the Maréchal’s approximation, where the variance
(in radians?) is supposed to be small enough...

-> see also page 4 of Carbillet et al., MNRAS (2017)
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Quality of correction ? - 1+

Approximation which neglects tip-tilt: ratio of the maxima

Ratio of the values at the centre of the image = ratio of the
OTF (see for example the paper by Roberts et al.)

Eq.10 of Tokovinin, PASP (2002):
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Quality of correction ? - 2

object PSF [S=0.07]

ideal PSF PSF [S=0.79]

1deal Fizeau PSF PSF [S=0.77]

.
> 1mage PSF [S=0.93] > 1mage
\.'
PSF [S=0.67]
PSF [S=0.66]
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Quality of correction ? - 5

magnitude difference

AQ coss — SRm[A3

raconatructed—original [magq.]

anneau ¢ircumbinaire

200 300
iteration number




Post-AO PSF morphology - 1

-

no correction corrected (SR = 64%) Airy pattern
Imaging wavelength : 2.2um

Turbulence : 7, = 1m a 2.2um, wind speed = 10m /s, telescope : D = 8m
System (NAOS) : 144 sub-aperture, 185 actuators, 500 H z temporal sampling

frequency ONERA
M




Post-AO PSF morphology - 2

i d, from lsft to rFight and frem

lére lumiére LBT, bande K

8 : :

diff-lim’'d  mg-8 mp=9 mp=10
. . . :

mg=11 mp=12 mp=13 my=14
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‘mp=15 mp=16 mp=17 seeing-lim’d




Post-AO PSF morphology - 3

Pyramid — SR vs. R—mag
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Post-AO PSF morphology - 4

R band, off— OXIS— O.0arcsec

effet global
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Post-AO PSF morphology - 6

PSF post-
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See also Jolissaint et al. (JOSAA, 2006) and Jolissaint (JEOS, 2010)



Post-AO PSF morphology - 7

sans correction  faible correction correction partielle

images courte pose [échelle log]

s
a0

images longue pose (normalisées)

4o e

Réduction du nombre de speckle
Concentration des photons dans le coeur cohérent




Post-AO PSF morphology - 8

Wide-field AO case: anisoplanatism...
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(bande J, champ de 1 ’, s1mu*BEllerbroek, Gemml Obs.)



Post-AO PSF morphology - 10
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