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Ground Layer
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Measured Wavefronts

Atmospheric tomography
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The early days

Modal tomography: from mathematics to open loop experiment

) , Open-loop experiment with the 3 .5m TNG on
Modal formuation allow a Y-shaped four stars agerism succesful.
toeasier determination Solid line: Certral star variance
of WWF from off-axis Dotted line: average of neighborouds stars
measurements Dashed line: Modal tomographyc result
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Order of Zernike polynomial

A&A 342, L53 (1999) Nature 403, 54 (2000)
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The early days

Modal tomography: from mathematics to open loop experiment

Modal formuation all on
toeasier determination

Variance {arbitrary units)

Open-loop experiment with the 3 .5m TNG on
a Y-shaped four stars agerism succesful.
Solid line: Central star vanance

Dotted line: average of reighborouds stars
Dashed line: Modal tomographyc result
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Order of Zernike polynomial

Nature 403, 54 (2000)




An information approach
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A mirror
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An information approach

A (turbulent) atmosphere
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An information approach
At least up to here...
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An information approach
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An information approach
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An information approach
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An information approach
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An information approach
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An information approach
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View into the Laser cabin
with activated Laser beam.

Calar Alto, October 1996
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View into the Laser cabin
with activated Laser beam.

Calar Alto, October 1996
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View into the Laser cabin
with activated Laser beam.

Calar Alto, October 1996

A dye laser
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Let’s try to summarize...

The usable FoV to compensate ground layer
can be huge...

The usable FoV to compensate highest
altitude layer can be significant large for larger
telescopes

LGSs will employ nevertheless a certain
relatively large angle of the rays involved

Why not to push for going natural...???



ASTRONOMY & ASTROPHYSICS APRIL I 1999,
SUPPLEMENT SERIES

Astron. Astrophys. Suppl. Ser. 136, 205-209 (1999)

No Laser Guide Stars for adaptive optics in giant telescopes?

R. Ragazzoni
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Science target beam

Natural Guide Stars
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Sodium layer
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Fig.1. In this schematic representation the LGS-based tomographic technique (left) is illustrated in a sectional view. In this
case LGSs can be fired at some precise locations on the sky and some conical beams ezplore the various perturbing layers. Tilt is
to be retrieved in some other way. On the right side the NGS—based case is briefly sketched: the stars have different brightness
and are unevenly located on the sky. On the other hand the beams are cylindrical and tip-tilt is retained




The layer oriented

Each WFS is coupled to asingle star . A single WE S collects light from
hence a maximum magnitude is to be Panpgll'slpn b?tween 90 ncep.'lts of several stars. Each WFS is
accomplished. Spatial andtemporal classical” vs. "layer oriented” MCAQ . yyigated with a single layer and
sampling have to deal with overall can be optimized for the related
turbulence. WFS optomechanics scale spatial and temporal sampling.
with number of references. Light of several faint stars coadds

and can leads to a significant signal.

The WFC complexityis here \,
ecpressed in terms ofwhat is
required for a single WS, ‘\
single D AQ loop. \

A \
/;E "Layer Oriented"
Aﬁ / MCAO
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LO Multiple FoV concept
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Refractive Pyramids
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c)

Fig. 4. A star-field is shown superimposed on a sinusoidal pattern described in the text for whole star-field wavefront sensing.
In a) the pattern is straight. The signal strength is small but does not depends upon the position of the stars inside the pattern.
From b) to d) an increasing tuning of the distortion will makes the signal stronger and stronger, but requiring more and more
precise alignment with the star-field.
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From drawings... Pupil objectives

...to metal!
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XY stages for ‘ L Star enlargers

Stars positioners

Entrance focal plane
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A 2D plot of turbulence
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Wider Field of View
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Beyond...

1. Are we at the ultimate sensitivity in WFS...???

* Remember heading to the vis means even less photons per
subap per int. time (even with LGSs)...
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1. Are we at the ultimate sensitivity in WFS...???

* Remember heading to the vis means even less photons per
subap per int. time (even with LGSs)...

2. Can we take advantage of the S=1 era...???

* A number of techniques and sensing approaches discarded
because of the “low Strehl”...
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“...I was disappointed by the wrinkle in history
that had brought me along one generation late. I
had missed all the great times and adventures in

+]E(§+
+

= flight...”
‘@ \ - ' Neil Armstrong  uly 1969

Otctober 1947 (Neil is 17 years old)
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Chuck Yeager
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Thanks for your patience



