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ABSTRACT

The Natural Guide Star (NGS) Adaptive Optics System at the MMT Telescope (MMTAO) on Mt. Hopkins
in Southern Arizona is the first in the world the use the secondary mirror as the correcting deformable mirror.
Its 2.0 mm thin shell mirror, whose shape is controlled by 336 voice coil actuators, allows for nearly maximum
throughput of light into the science camera. With several more deformable secondary mirrors coming online in
the next few years, the lessons learned building, characterizing and operating the MMT Adaptive Optic System
has proven to be quite valuable. These lessons will be discussed as well as future plans for the MMTAQO System.
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1. INTRODUCTION

The project to build the first Adaptive Optics (AO) system which uses an Adaptive Secondary mirror as the
deformable mirror has been in development for over ten years. The initial idea was outlined by Salinari' with
details of the development of our system found in Brusa.? The construction of the full Adaptive Optics system
for the MMT Telescope was completed in the Spring of 2001 followed by a year long phase of laboratory testing.
Using a test stand, we lovingly called the Shimulator (it simulated the shimmering of the sky), we characterized
the adaptive secondary mirror, characterized the wavefront sensor camera and optics that reside in the topbox (the
optical bench mounted at the Cassegrain focus) and exercised the real-time computer calculating the wavefront
and controlling the shape of the AS (called the wavefront computer). Finally in June 2002 the AO system was
installed on the MMT telescope but mechanical problems, described by Wildi,> prevented AO corrections from
being applied. First light with the MMT AO system occurred in November 2002, described by Wildi,* with a
multitude of runs approximately every four months since. Results, both scientific and engineering, of the many
runs can be found in Kenworthy® and Brusa® and the reference therein.

In this paper we will describe our Adaptive Optics system in section 2, discuss the current performance of the
system in section 3, touch on some problems encountered with our AO system and their solutions in section 4
and finally describe the future for the MMT AO system in section 5.

2. SYSTEM DESCRIPTION

The Adaptive Optics System at the MMT Telescope is the first in the world that uses the secondary mirror as
the deformable mirror. The concept is very straight forward and sketched out in Fig 1. As can be seen, the
three major parts that make up our AO system are the Adaptive Secondary (AS), the Wavefront Sensor Camera
(WFSC) and the Wavefront Computer (WFC).

A diagram of the Adaptive Secondary can be seen in Fig 2. The individual parts, from top to bottom, are the
support frame which houses the three electronic crates and supports the cold plate. Attached to the cold plate
is the backplate, or reference body, which is used to determine the position and shape of the deformable mirror.
The deformable secondary mirror is not connected to the reference body, but is held in positions by 336 voice
coil actuators by a magnetic field. The 336 actuators are mounted in the cold plate, which removes most of the
heat dissipated by the actuators, and extend through holes in the reference body to within a centimeter or so of
the deformable mirror. 336 small permanent magnets have been glued to the back of the thin shell deformable
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Figure 1. Schematic of the AO correction loop. The Adaptive Secondary shape is updated at a rate of 550 Hz. The loop
internal to the AS of 40 kHz uses 336 capacitive sensors co-located with the 336 actuators to keep the thin shell at the
requested position.

mirror which protrude up into the actuators holes in the reference body to within a millimeter of the voice coil
actuators. By changing the current in the voice coil actuators the magnetic repulsion or attraction felt by the
magnets on the back of the deformable mirror change and in this way the shape of the deformable secondary
mirror is controlled. The three electronic crates mentioned above house 168 digital signal processors (DSP), each
one controlling the current in two actuators. Software on these DSP’s have a 40 kHz position control loop (see
Fig 1) that measures the position of the deformable mirror at the location of the actuator it is controlling via a
capacitive sensor co-located with the actuator and then changes the current to the actuator so that the capacitive
sensor will have a requested reading. This position is set by an external computer, the wavefront computer.

The requested position of all 336 actuators are determined by the wavefront computer and relayed to the
adaptive secondary control electronics via a fiber optic communication link. This requested position (the 336
individual actuator positions) are determined using information from the wavefront sensor camera. The visible
light reflected from the adaptive secondary is separated from the infrared light, which travels into the science
camera (see Fig 3 and the discussion in section 2.1), and re-imaged on the wavefront sensor camera. This
camera is a Shack-Hartman wavefront sensor that has 12x12 quad-cell subaperatures. With the proper re-
imaging, each subaperature measures the slope, both x and y directions, of the wavefront at the location of the
adaptive secondary mirror. This 216 slopes (not 12x12x2=288 because the WFSC is square but the image of
the secondary is round) are passed to the wavefront computer where the wavefront shape is reconstructed and
the shape, specifically the position, of the AS is determined that will cancel the wavefront aberrations so the
wavefront arriving at the WFSC will be flat. In reality, only about 30 to 50% of this correction is applied because
of stability considerations in this correction loop.

The wavefront sensor camera is able to read out a frame in about 1.8 milliseconds, Thus, the correction loop
to remove aberrations of the wavefront at the WFSC, and at the science camera, runs at 550 Hz (see Fig 1). The
resulting correction loop, due to noise in our measurement of the wavefront by the WFSC and a delay of about
3.6 milliseconds from measurement to application of the correction on the AS, give us a correction bandwidth of
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