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A B S T R A C T

The point spread function of a segmented-mirror telescope is severely affected by segment

misalignment, which can nullify the performance of adaptive optics systems. The piston and

tilt of each segment must be precisely adjusted in relation to the other segments. Furthermore,

the direct detection of the alignment error with natural stars would be desirable in order to

monitor the errors during astronomical observation.

We have studied the lost information of the piston error caused by the presence of

atmospheric turbulence in the measurements of curvature, and present a new algorithm for

obtaining the local piston using the curvature sensor. A phase-wrapping effect is shown as

responsible for the loss of curvature information and so the piston errors can no longer

adequately be mapped; this happens not only in the presence of atmospheric turbulence, but

also in its absence.

Good results are obtained using a new iterative method for obtaining the local piston error

map. In the presence of atmospheric perturbation, the turbulent phase information obtained

from a Shack–Hartmann sensor is introduced in our new iterative method. We propose a

hybrid sensor composed of a curvature sensor and a Shack–Hartmann sensor, in order to

complete all the information for the phasing. This design takes a short computation time and

could be used in real time inside an adaptive optics system, where tilt and piston errors must

be corrected.
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1 I N T R O D U C T I O N

In addition to the aberrations in the optical surfaces, the shape of

the image, when not limited by seeing in telescopes with

segmented primary mirrors is heavily determined by the phasing of

the wavefront coming from the segments. Hence, the alignment in

tilt and piston of the segments should be adjusted accurately

according to wavelength. If the tilt error is sufficiently reduced, but

without taking the effect of the piston error into account, the shape

of the image would be limited by the size of the segments. This is

not a dramatic constraint if the diameter of the segments is much

greater than r0. However, correction for both types of errors is

required when a technique to overcome atmospheric turbulence is

applied; i.e. adaptive optics (AO) systems are absolutely useless in

the presence of tilt and piston errors.

Though the Keck telescopes are the only large segmented

telescopes in operation at present, several projects with similar

optics are at a different levels of development. For example, the

Gran Telescopio Canarias (GTC), will come into operation in the

year 2002 at Roque de los Muchachos Observatory (La Palma,

Canary Islands). The hexagonal main mirror, with an effective

diameter of 10 m, will be formed by segments similar to those of

the Keck telescopes, and will have an adaptive optics system.

Procedures for segment alignment will be applied routinely;

however, techniques to ensure proper phasing during the

observations are required. Moreover, mechanisms with enough

precision to correct the tilt and piston error, and mechanisms and

procedures to detect these, need to be devised.

Several years ago, we proposed a new technique for detecting

segment misalignment during observations (Rodrı́guez-Ramos &

Fuensalida 1997a,b,c). Our approach was to measure the piston

error using the classical concept of the curvature sensor (Roddier,

Roddier & Roddier 1988). If we suppose the optics to be affected

only by segment piston error, the wavefront after the main mirror is

recovered by solving the Poissonian equation. The Laplacian was

calculated using long-exposure intensities in order to filter the

atmospheric turbulence.

Starting from the basic idea of curvature sensing – the use of the

difference in intensity between two defocus planes in order to

obtain information of the Laplacian of the wavefront – we propose

here a new, much more efficient method than the previous one. This

new method works well enough with and without an AO system.

The method is totally independent from an AO system. We also

present results with numerical simulations. In Section 2, wePE-mail: jmr@ll.iac.es
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