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Part | - Pyramids...

Pyramids WFS has been introduced in
1995 (J.Mod.Opt. 43, 289)

Pyramid WFS soon introduced as main
(and then solely) WFS in AdOpt@TNG

Just a number of practical reasons (and
paternity...) to prefer to the obiquitous
Shack-Hartmann

hen in 1999....
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Fig. 1. The SH (left) and the pyramidic (right) WFS
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the WFS are shown 1n the perfectly close loop situation. When a tilt of
the order of A /I 1s mtroduced the efficiency of the pyramidic WES 1s
much larger because it acts affer the recombination of the whole pupil
light. In fact the movement of the spot 1s comparable to 1ts size, while
in the SH case all the spots will move of a fraction of their size.
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Then, in the night between 5 and 6 September 2001...

Open Loop Closed Loop

*

1

0.2 arcsec

We also made a very
rough experiment at
TNG oscillating the
pyramid by the “SH”
amount...
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Laboratory test in closed loop give evidence of higher limiting magnitude
for the Layer Oriented WFS w.r.t the Star Oriented ~1.5 magnitude fainter
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FIG. 8.—Measurement error coefficient for a correction of radial order with
maximum radial order () = 7. Solid line marks the theoretical error of a SHS
under the same conditions, dashed line denotes the predictions by Ragazzoni &
Farinato (1999), asterisks show our measurements. Note that the error bars van-
ish within the asterisks.
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Pyramid WFS has been often
questioned not just to be more
sensitive than SH but even just

to actually work...!!!
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FIG. 8.—Measurement error coefficient for a correction of radial order with
maximum radial order () = 7. Solid line marks the theoretical error of a SHS
under the same conditions, dashed line denotes the predictions by Ragazzoni &
Farinato (1999), asterisks show our measurements. Note that the error bars van-
ish within the asterisks.
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Quotations from this ConferenCe:

« “...we can implement some sensitive WFS
like a Pyramid one...” (Norbert)

« “...which are pro and cons of roof WFS wrt
the classical pyramid WFS...” (Brent)

I v
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Part |l - Layers...

Sketched in the 1999 conference in Backaskog
[ ] MENTS

Tested in open loop on the sky at TNG (Nature
403, 54)

Established in its final form at SPIE 2000 in
Munich

Proposed to ESO for MCAO demonstration
(MAD) in 9/11...

Potential to look for stars on a so much larger
patch on the sky that...
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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
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MCAO Layer Oriented: the concept

Pyramid WFS based system
easily complies with such an
approach. Complexity scales
mostly with the number of
sensed layers rather than
with the number of references.

Atmospheric 3D
geometry is mapped
in the WFS volume.
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Adaptive optics is for when you have only one telescope.
though if it happens to be Keck II. images of 0”702 are achiev-
able first time out (Wizinowich et al. 2000). Even the com-
paratively petite SOR reaches 0705 resolution. though its users
have had lots of practice (Angel & Fugate 2000, a minireview).
Given how hard it is to find even a single guide star for AO.
to the point where people make them with lasers, you might
suppose that asking for multiple guide stars would render the
whole thing impossible. In fact. multiple guide star adaptive
optics can apparently be made to work over the entire sky
(Ragazzoni et al. 2000, who note that the scheme was first
proposed by Beckers 1989). Several other papers in this ter-
ritory noted that some of their intellectual infrastructure had
come from other papers by the same author. Under the cir-
cumstances. we think it ominous that he has moved to Chicago.
where there are hardly enough guide stars to find your way
around the Loop. Some additional papers reporting results
achieved with adaptive optics and interferometry appear with
their astronomical subjects, as someday clearly all such papers
will.
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Adaptive optics is for when you have only one telescope,
though if it happens to be Keck II. images of 0702 are achiev-
able first time out (Wizinowich et al. 2000). Even the com-
paratively petite SOR reaches 0705 resolution. though its users
have had lots of practice (Angel & Fugate 2000, a minireview).
Given how hard it is to find even a single guide star for AO.
to the point where people make them with lasers, you might
suppose that asking for multiple guide stars would render the
whole thing impossible. In fact. multiple guide star adaptive
optics can apparently be made to work over the entire sky
(Ragazzoni et al. 2000. who note that the scheme was first
proposed by Beckers 1989). Several other papers in this ter-

itory noted that some of their intellectual infrastructure had
come from OMCT P ; 1e author. Under the _cir-
cumstances. we think it ominous that he has i

where there are hardly enough guide stars to find T .
around the Loop. Some additional papers reporting results
achieved with adaptive optics and interferometry appear with
their astronomical subjects, as someday clearly all such papers
will.
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Geometry... geometry...

* In a remarkable series of papers Andrei
shows that if you enlarge your FoV to
correct in closed loop you will unavoidably
correct less and less... (see for instance
JOSA A 18 873, Venice 2001 contf...)

* And to use a large enough FoV you would
need a lot of DMs making the idea
impractical...

* In closed loop...!!
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~Small FoV, large thickness, few DMs Large FoV, small thickness, more DMs |
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5..6DMs — large FoV
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Multiple Field of View

6’
2,

|

A\
“ , DM 2
But for a 30..42m these numbers i //_7

can scales up to:

* 10’ for the upper DM

« 20’ for mid DM

* half degree for GL-DM

Ground layer DM 1
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What if...

The WaveFront Sensor would be extremely
linear, so able to measure the absolute

Wavefront and not just departure from
zero...??7?

So the system would not work in closed loop...!

(Sounds familiar isn't it...??7?)

In this way | could “close the loop”™ numerically
and then decide what to do with the information
of the 5..6..n “DMs”

Introduction of the concept of “virtual
DM” (although not the Miska'’s one for the
definition of the interaction matrix...

Nothing new... as Glenn said!!
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How to do that...?7??

 |tis doable (not even easy...) to make a
polychromatic very linear WFS at the expense of

sensitivity...
The closest approximation is the YAW by Eric

Gendron (insensitive to shape and size of the
reference) but monochromatic and trading
sensitivity for the linearity...

...while we want to be sensitive, robust and
maybe working in closed loop to take advantage
of Pyramids et al...!!!
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See the Poster by Demetrio Magrin et al...
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Reclipe...

Make an MCAOQO system with a large enough
number of virtual DMs to correct for a large FoV

Find stars there (NGSs or LGSs, but guess what
| prefer...) and fed a Very Linear WFS, maybe
working in Closed Loop on a pyramid... ©

Extract from the virtual DMs information the one

you need to correct your smaller FoV (or your
MOAO directions)

Close the loop using any kind of referencing
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Part |ll - No Laser Guide Stars...

* The two arguments for LGSs being
preferable to NGSs are:

— Sky Coverage
— PSF uniformity

* The arguments for NGSs being preferable
to LGSs are:

— Cheaper
— Reliable
— Safer
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Sky Coverage

* We so much agree with Ric that we made
LOST to assess Sky Coverage on real sky
catalog...

* But | understand the key issue of science
bias (I want to observe that object!)

 However the argument is true when the
FoV where you statistically look for star is
small in contrast with the 10’ (and even
more if M-FoV would be allowed...)
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Supefior of 3,5,7 stafs constellations results:
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PSF Unlformlty...

That's right... so we should compare the
uniformity of LGSs fixed pattern with the one of
several stars in the 10°FoV....

Having stars often away from the science FoV

will probably lead to good uniformity (J. of
Ragazzoni’'s conjectures, 2011)

And | must note that several of the results
obtained so far with MAD (SH mode) are
obtained with Strehl variations as large as 5...
(see for example MNRAS 391, 1650)

LGSs MCAOQO also exhibits non uniformity...
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Still LGSs can be useful...

'0 keep busy Francols...
"0 detect clouds...

'0 make spectacular pictures (of the
telescope and the laser)....

To allow to speak with high rank military...
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