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ABSTRACT

CFHT recently considered an upgrade of its curvature adaptive optics system to perform high dynamic range
imaging. This requires high Strehl ratios and very stable Point Spread Functions, which is usually achieved
with high order AO systems providing a dense sampling and correction across the pupil. Such systems are
conventionally thought of as Shack-Hartman/piezostack devices because, in theory the scaling law for noise
propagation goes as N.log(N), where N is the number of actuators. However, it is difficult to demonstrate this
behavior in practice, and as systems get more complex, their efficiency drops to lower levels than expected.
Simulations of such systems are usually optimistic because the fail to take the complexity of a real system’s
flaws (alignment errors, imperfect lenslet array, etc.) into account.

One of the reasons why curvature adaptive optics looses its efficiency advantage for large numbers of degrees
of freedom is because of its noise propagation properties. The exact crossover with Shack-Hartman systems
in terms of performance and efficiency remains to be determined, but cheap (and may be more reliable) high
dynamic range systems on smaller telescopes could conceivably use curvature technology. When the number
of degrees of freedom remains low, realistic Monte Carlo simulations are possible and provide a more accurate
benchmark, as the computing time remains reasonnable.

Monte Carlo simulations of such a system have been performed in view of upgrading PUEOQO, the CFHT
adaptive optics bonnette, as a test bench for high dynamic range imaging, and for visible adaptive optics (Lai
et al, these proceedings [4839-78]). Simulations show that 104 subapertures/electrode are sufficient to produce
a Strehl ratio of 92in K band (S(I)= 5821

However, because PSF stability is so critical and the noise propagation is crucial to the performance, we
are hoping to test this system on different simulation codes to confirm these results and expand on them using
specificity of each code to complement the other. As this is work in progress, this paper will concentrate on the
road ahead and the advantages and drawbacks of each code for each specific task.
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1. INTRODUCTION

Curvature adaptive optics systems are more efficient than Shack-Hartman /piezostack technology for low order
systems.! This is due to many factors: it is not just simply because one degree of freedom controls the laplacian
(in two dimensions five actuators are needed to produce the same deformation as one electrode), although this
of course play an important role. However other features also come into play: Curvature sensing uses intensity
measurements so only one pixel (strictly speaking, two, one of the intra and one for the extra focal image) is
needed per wavefront measurement instead of 4, the minimum for a Shack Hartmann. But also, this single
measurement gives a scalar quantity (the laplacian of the phase) instead of a vector (the gradient of the phase)
which contains 2 components that have to be estimated to reconstruct the phase at one point (x and y slopes).
All these arguments allow the use of avalanche photo-diodes to be used instead of fast CCDs. The fact that the
curvature measurements are statistically independent means that they are more efficient (although this same
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argument is used to point out that noise propagation increases faster than a Shack-Hartman where there is a
strong correlation between adjacent measurements).

Furthermore, the curvature sensor geometry is (or can be) perfectly adapted to round pupils (or any other
shape for that matter). The benefit here is that edge effects (where noisy or invisible modes creep into the loop)
are reduced. In most implementations, the curvature sensor works on a differential measurement (difference of
intra and extra focal images) which has the good taste of removing any static or common aberration (cf. Poor
quality of lenslet array, mismatch in alignment, etc.) . Finally, one can mention that the sensor is matched
to mirror which produces almost diagonal interaction matrices, the inversion of which is straightforward and
should not be noisy.

From the user’s point of view, an efficient system also means a reliable and robust system. Therefore, on
a 4 meter class telescope, a high order curvature system may be the perfect solution to deliver Strehl ratios
> 90% on a regular basis: in practice, such a system could become available very soon and start producing
astrophysical results within the next few years as it does not depend on technological developments nor depend
on extremely powerful inversion techniques or real time computation.

2. IDL SIMULATIONS

Such a system was simulated using F. Rigaut’s IDL simul.pro code. What made these simulations different
from previous high order curvature simulations was the way the outer ring of subapertures, which is used to
measure the edge derivative, was treated. Northcott? indicates that the outer sub-apertures have different
scaling laws (due to aliasing) than the inner ones. The natural suggestion then is to increase the number of edge
sub-aperture/electrodes. The opposite argument can be made from noise propagation considerations, because
of the way (null-measurement) in which the radial derivative is measured. Simulations were therefore performed
to investigate the issue, where the number of sub-apertures in the outer ring was decreased instead of increased
and lower than the number of subapertures in the outermost illuminated ring.

2.1. results

In all the simulations, the following telescope and atmospheric parameters were used: the telescope is a 3.6
meter telescope with a large (0.421 D) central obstruction. The D/ro used was realistic, and not the Mauna
Kea median seeing usually used: D/rg=20 at 0.7 pm (this is equivalent to 12 c¢m in the V band, a 0.8” seeing).
The turbulence was split into two dominant layers, on at high altitude, 10km having a speed of 25 m/s, while
the ground layer was moving at 10 m/s.
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