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ABSTRACT

The Subaru laser guide star adaptive optics (AO) system was installed at the Nasmyth focus of the Subaru
Telescope, and had the first light with natural guide star on October 2006. The AO system has a 188-element
curvature based wavefront sensor with photon-counting avalanche photodiode (APD) modules. It measures high-
order terms of wavefront using either of a single laser (LGS) or natural guide star (NGS) within a 2’ diameter
field. The AO system has also a source simulator. It simulates LGS and NGS beams, simultaneously, with and
without atmospheric turbulence by two turbulent layer at about 0 and 6 km altitudes, and reproduces the cone
effect for the LGS beam. We describe the design, construction, and integration of the curvature wavefront sensor
and calibration source unit.
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1. INTRODUCTION

The Subaru laser guide star adaptive optics (AO) system1,2 is an upgrade of the existing system with a 36-
element curvature sensor at the Cassegrain focus.3,4 The new system aims to improve the correction performance,
especially at the shorter wavelengths such as J band, by increasing the number of correction elements and to
increase the sky coverage dramatically by using a laser guide star (LGS). We installed the new system at the IR
Nasmyth focus of the Subaru Telescope, and had the first light with natural guide star on October 2006.5 Also,
we succeed in launching the laser beam and obtaining the first image of the LGS.

After the first light, we are making improvements of the system to start the open-use observations in the
middle of 2008. As a result, many opto-mechanical components of the 188-element curvature wavefront sensor
(high-order wavefront sensor; HOWFS) and the calibration unit were re-designed and rebuilt to improve the
accessibility of components, the reliability of adjustment mechanisms of optics mounts, and the light-shielding.
In this proceeding, we describe the design, construction, and integration of the hardware of the HOWFS and
calibration unit with the new opto-mechanics. The overview of the design of the Nasmyth AO module were
presented in Ref. 2, 6, 7 and the current status of the project is presented in Ref. 8.

2. HIGH-ORDER WAVEFRONT SENSOR

The HOWFS is a 188-element curvature based wavefront sensor with photon-counting avalanche photodiode
(APD) modules. It measures high-order terms of wavefront using either of a single laser (LGS) or natural guide
star (NGS) within a 2’ diameter field.6
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Figure 1. Optical layout of the high-order wavefront sensor.

2.1 Optics

Figure 1 shows the optical layout of HOWFS. For the LGS mode, the pick-off mirror (M1/M4) is inserted and
the tip/tilt correction is done by the M3 mirror. The input beam is re-imaged onto the membrane vibrating
mirror (M5) by the L1 and L2 lenses, and is collimated by the M6 mirror, and then is expanded by the M8
and M9 mirrors into a 20 mm diameter beam, forming a pupil image at the lenslet array. The pupil image is
defocused back and forth when the membrane mirror vibrates. The several beam splitter cubes are insertable
for the acquisition camera (20” diameter field of view), high-resolution camera (1.5” × 1.1” field of view), and
pupil camera. The field of view for the wavefront measurement is 4” in diameter.

2.2 Opto-Mechanics

The APD module is very sensitive to light and can be damaged by any excessive light from the environment.
Although the optical bench of the AO module is primary light-shielded by the enclosure panels of the bench, to
reduce moreover background noises and the chance of damage due to stray light and scattered light in the AO
module, we put all the components of the HOWFS except the acquisition unit into the inside of a light-shielding
box (HOWFS enclosure; Figure 2 and 3).

The bottom plate of the enclosure is the base plate of the HOWFS optics. It is mounted at three points
(pads) on the optical bench of the AO module, to minimize the mechanical stress due to mounting. Also, to
avoid the mechanical stress due to the difference of the thermal expansion/construction between the HOWFS
(made with aluminium) and the AO module optical bench (made with stainless steel) when the temperature
changes, we used linear guides aligned along the direction of the thermal expansion/construction at the two pads
(One pad near the f/13.9 focus of HOWFS is the fixed point).

In the front of the HOWFS enclosure, the guide star acquisition unit is located (left of Figure 5). This unit
consists of two steering fold mirrors mounted on two-axis gimbal mounts.6 The first mirror can also slide along
the optical axis to keep the same travel distance of the beam when the mirrors are tilted for an off-axis field or
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