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Design of laser projected system for Rayleigh guide star

Liu Chao"?, Cao Zhaoliang', Mu Quanquan', Hu Lifa', Xuan Li'

(1. State Key Laboractory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun 130033, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The adaptive optics system with Rayleigh guide star could compensate the image in observational
astronomy, and could improve sky coverage. Projecting a suitable Rayleigh guide star is the precondition of
adaptive optics with laser guide star. To realize the image compensation in observational astronomy, a laser
launched system was designed. All kinds of parameter were analyzed and a suitable method of launching a
laser guide star was completed. First, based on the demand of adaptive optics system with Rayleigh guide
star, all kinds of parameter of laser box were probed. Next, the laser launched telescope aperture and the
guide star spot size were analyzed according to the turbulence theory. Then, the laser launched system was
designed by Zemax. The aperture of launching telescope is 260 mm. The optimal altitude of laser beam waist
is 9.8km, with Rayleigh guide star at 10—11km. The laser spot size is 0.45" without turbulence and less than
1” with turbulence. Finally, the system was analyzed with tolerance by Zemax, and the results demonstrated
that the system was easily to process. The laser projected system could suffice the demand of laser guide star
adaptive optics and the method to design the system could be widely used.
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Fig.1 Relationship between laser pulse energy and detected photons

per sub-aperture
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Fig.3 Diagrammatic sketch of projecting laser pulses
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Fig.8 Optical layout of Rayleigh guide star projected system
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Fig.10 Wavefront map of laser projected system
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Tab.1 Tolerance parameters

Parameters Tolerance
Radius +0.02 mm
Thickness +0.06 mm
Tilt +0.01°
Decenter +0.01 mm
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Tab.2 Result by Monte Carlo method

Number of traceable Monte Carlo files generated: 100

Nominal 23.42740306
Best 22.2746621 Trial 43
Worst 51.15502743 Trial 23
Mean 26.94344288
Std Dev 5.35707118
Compensator statistics:
Change in back focus:
Minimum: —4.354741
Maximum: 25.507668
Mean: 0.714573
Standard deviation: 4.127103

90%<34.54656821
80%<31.66877627
50%<24.78718854
20%<22.56594577
10%<22.35664405

End of run.
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