Prototype of a sodium laser guide star system for the Subaru telescope

Y. Hayano 1 , H. Takami 2 , N. Takato 2 , T. Kanzawa 2 , Y. Kamata 2 , K. Nakashima 2 , M. Iye 2

1 Communications Research Laboratory, Ministry of Posts and Telecommunications,

4-2-1, Nukui-kita Koganei, Tokyo 184-8795, Japan e-mail: hayano@crl.go.jp

2 National Astronomical Observatory

2-21-1, Osawa Mitaka, Tokyo 181-8588, Japan

Abstract

An adaptive optics (AO) system for Subaru 8.2 m telescope is under construction. The AO system is attached to the

Cassegrain focus for the near infrared instruments. Natural guide stars at visual wavelength are firstlyused for the AO system. Furthermore, we are considering to incorporate a laser guide star system with the existing AO system to extend the skyarea, where sufficient compensation performance can be obtained, i.e. skycoverage. We estimated that the output power of 4 W continuous-wave (CW) laser at the wavelength of sodium D 2 line is required for our AO system to assure the equivalent performance of wavefront compensation using natural guide stars.

A prototype LGS system for Subaru AO system, which have been started to develop, is introduced. A CW dye laser pumped byan Ar-ion laser is firstlyused for the sodium laser source. We are planning to modifya commerciallyavailable dye laser system to increase the output power to 2 W. The beam quality, the stabilityof both the laser power and the oscillating wavelength and the image size of a laser guide star will be evaluated bythe 1.5 m telescope facilityat

Communications Research Laboratory(CRL).

1. Introduction

An AO system for Subaru 8.2 m telescope is under construction for the Cassegrain near infrared instruments (1) . We firstly planned to use natural guide stars as a reference source to measure the distorted wavefront. The Subaru AO system is composed of a curvature wavefront sensor with 36 subapertures and a bimorph deformable mirror with 36 electrodes, which provides a low-order wavefront compensation. Both components divide the 8.2 m telescope aperture into 36 parts in the same manner. We expect that the correspondence of the geometry between the subapertures of the wavefront sensor and the electrodes of the deformable mirror will ensure an optimum and robust wavefront compensation. The wavefront is measured at a visual wavelength, while we observe astronomical objects in a near infrared wavelength. We are expecting that the AO system provides the Strehl ratio greater than 0.6 at K band for the median seeing at Mauna Kea, 0.45 arcsec at

V band, by using a natural guide star brighter than 15th magnitude at R band (2) . The AO system will be installed on the

Subaru telescope in the middle of 1999 to confirm the estimated performance. We also carry out first scientific observing runs to obtain corrected images in J, H and K band.

However, AO systems with natural guide stars cannot cover the sufficient sky area because of the need for a bright guide star close to an observing object. We estimated by using the standard model of the stellar distribution function (3) that the probability that the Subaru AO system can achieve the Strehl ratio of 0.4 at K band by natural guide stars is about 8 % at the galactic latitude of 90 degrees. The probability increases to 40 % at the galactic plane. Furthermore, natural guide stars at visual wavelength cannot be found in the dark cloud regions because of a fairly large optical extinction. A laser guide star system will overcome the small fraction of sky coverage (4) . We estimated that a laser guide star system combined with the existing AO system will extend the sky coverage to nearly 100 % at K band.

In this paper, the outline of currently proposed laser guide system for Subaru telescope and its prototype are reported.

2. Laser guide star system for Subaru telescope

We are planning to upgrade the existing Subaru AO system for incorporating a laser guide star system. The AO system for a laser guide star, as well as for natural guide stars, is optimized to achieve the best compensation performance at K band. An effect of focal anisoplanatism, due to the difference of the light path between infinite astronomical objects and a laser guide star located at a finite distance, is negligibly small for our low-order AO system at K band.

The laser guide star system comprises of a laser, transmitting optics, a laser diagnostic system, a safety system and an operational system. The design of the laser and transmitting optics defines image size and brightness of a laser guide star, which is an essential characteristic to estimate the performance of AO system. We estimated that the required brightness of a laser guide star would be 14th to 15th magnitude at R band, if the laser guide star was considered as a point source. The brighter laser guide star should be required to keep the same performance as the AO system with natural guide stars, because of the extension in size of the laser guide star. Usually the nearly diffraction-limit laser beam is transmitted from the ground and focused on the sodium layer at the altitude of around 90 km. Though the image size of the laser guide star on the sodium layer is limited by the atmospheric turbulence. Thus, the minimum image size that we can obtain is equivalent to the image size which approximately defined by Fried ´ s coherence length. The expected image size of the laser guide star observed from the ground is extended as a factor of 2 , or 2 in worst case, compared with the seeing size.

When a laser beam is transmitted from the side of the telescope, the laser guide star is elongated due to the thickness of the sodium layer. The elongation of the laser guide star is estimated to be 1.5 arcsec in the case of Subaru telescope. If the laser beam is transmitted from the size of the Subaru telescope under the condition of median seeing at Mauna Kea, 0.45 arcsec at V band, image size that we obtain is about 1

�~ 1.5 arcsec 2 for the worst case. Thus, the margin of the brightness of a laser guide star due to the image extension is estimated to be a factor of 6. The additional margin should be required

because of both the variation of the distance to the laser guide star from the ground owing to the different zenith angle and

the variation of a sodium abundance. The range of the zenith angle is selected between 0 degree to 60 degrees in order to

cover the galactic center from the Mauna Kea. Thus, the laser guide star should be four time brighter at the zenith angle of

60 degrees to maintain the equivalent brightness at the zenith. We assumed that variation of the sodium abundance is a

factor of 4 at most. Finally, a laser guide star should be about 100 times brighter than natural guide stars, in worst case, to

preserve the equivalent performance of the AO system. The 9th to 10th effective magnitude at R band should be required

for Subaru AO system with the laser guide star.

We have selected a 4 W-classed continuous-wave dye laser pumped by a YAG laser as a sodium laser source. The

laser system can be constructed only by minor modifications of commercially available lasers. The pumping YAG laser

has an advantages of less consumption of electric power and of a compact size. Though, the maintenance of the dye laser,

such as exchange of dye, will be troublesome. The size of the transmitting laser beam estimated to be 50 cm to 60 cm to

minimize the beam size on the sodium layer. This estimation is based on the consideration that the size of the tilt-removed

image on the sodium layer is comparable to that of the diffraction-limited image of the initial transmitting beam, which is

twice or three time as large as Fried ´ s coherence length at Mauna Kea, i.e. about 25 cm.

The laser system, both the dye laser and YAG laser, is put into the container and mounted on the center section of the

telescope. The stabilization of both the attitude and inner temperature of container should be required to keep the dye laser

oscillation stable. The transmitting aperture is mounted on the top ring of the telescope.

Furthermore, the wavefront sensor must modified to have a capability to measure the wavefront of a laser guide star.

First we need to implement a focal shifting mechanism to adapt for the finite distance to a laser guide star. The required

stroke is from 6 cm to 11 cm, which corresponds to the distance of a laser guide star from 180 km, at the zenith angle of 60

degrees, to 90 km, at zenith. We also need a tip-tilt sensor for a natural guide star in order to synchronize a laser guide star

to the diurnal motion. The visual tilt sensor is planned to installed at the moment, however, the infrared tilt sensor will be

incorporated later.

We have started to design the modified curvature wavefront sensor by applying a minor upgrade to the existing

wavefront sensor. Conceptual design of the laser container and transmitting optics will be finished within this fiscal year.

We expected that the stability of the output power, the wavelength and the beam quality of the dye laser should be

monitored. Though, a laser diagnostic system will be design based on the results of the experimental test on the prototype

laser system, which is referred in the following section.

The safety systems, which is composed of aircraft and satellite detection and avoidance systems, laser beam traffic

control systems, safety laser operation systems and automatic emergency shutdown systems, has been discussed in a laser

guide star technical working group of Mauna Kea community.

The designing of the software system for an operation of laser guide star, a connection between the control systems of

the telescope, the AO system, the infrared instruments and safety systems will be required.

3. Prototype laser guide star system

We have started to develop the prototype laser guide star system at CRL. The laser system of the prototype consists of a modified commercial CW dye laser (Coherent model 899-21), pumped by the 10 W CW argon ion laser (Coherent model

Savre). The pumped argon ion laser will be replaced by the output power of a 10W CW YAG laser pumped by a laser

diode.

The laser system is placed on the Coud é bench of the 1.5 m telescope at CRL. The laser beam, whose size is about 10

cm, is transmitted through the Coud é path and finally emitted from the 20 cm telescope attached beside the 1.5 m

telescope. The laser guide star is observed by using the full aperture of 1.5-m telescope with cooled CCD imaging camera

which is mounted on the Nasmyth platform.

We conduct an experiment with the prototype laser system on the following items.

(1) Evaluation of the stability of the output power, wavelength and beam quality of the dye laser on the Coud é

bench.

(2) Relation between the transmitted laser beam and the observed laser guide star in term of laser power, beam

quality and seeing.

(3) Seek for required functions for the laser diagnostic system to obtain the stable laser guide star.

4. Schedule

A rough schedule for the laser guide star system for Subaru telescope is:

1998 To finish a conceptual design for optical and mechanical part of laser guide star system.

Preparation for the experimental test of prototype at CRL.

1999 Prototype test at CRL.

The experimental test of the stabilization of the container

To finish conceptual design for software system.

2000 To final design and construction.

Laser upgrade to 4W.

2001 Test observation at Mauna Kea.

2002 Finally installed to Subaru.

5. Conclusion

The implementation of the laser guide star system for Subaru telescope has been introduced. The existing AO system

will be upgraded to incorporate the laser guide star system. We have started the conceptual design and have defined a

baseline laser system, which is based on the feasibility study. The CW dye laser with the output power of 4 W, pumped by

a YAG laser, is currently proposed for the baseline laser system. The laser beam is transmitted from the size of the Subaru telescope with the size of about 50 cm.

The prototype laser system is under construction on the Coud é bench of 1.5 m telescope at CRL. It consists of the

modified commercial dye laser, pumped by the Argon ion laser. The output power of dye laser is 2 W. The laser beam is

transmitted through the 20 cm telescope mounted beside the 1.5 m telescope. The main purpose of the experimental test of

the prototype is to evaluate the laser beam characteristic and image quality of the laser guide star.

Reference

(1) H. Takami et al., ^ Adaptive optics system for Cassegrain focus of Subaru 8.2-m telescope, ~ SPIE Proceeding vol.

3353, p.500, 1998 .

(2) M. Otsubo et al., ^ Simulation of adaptive optics system for Subaru telescope, ~ p.333-338 in proceedings of Scientific

and Engineering Frontiers for 8-10 m Telescopes by Universal Academy Press. 1995.

(3) J. N. Bahcall and R. M. Soneira, ^ The universe at faint magnitudes. I -Models for the galaxy and the predicted star

counts, ~ Ap. J. Supple., vol.44, p.73, 1980.

(4) R. Foy and A. Labeyrie, ^ Feasibility of adaptive telescope with laser probe, ~ Astron. Astrophys. vol. 152, p L29,

1985 .