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Investigation of Anisoplanatic Effect in Atmospheric Turbulence
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Abstract The atmospheric turbulence probing source of adaptive optics (AO) is proposed by the promotion of the
artificial beacon. namely laser guide star (LGS); however the unavoidable anisoplanatic error it brings can degrade
the performance of AO system. By using new developed natural star Hartmann-Shack (HS) sensor and artificial
beacon HS sensor, the temporal synchronized turbulence-induced wavefronts measurement is achieved on telescope
system for natural star and Rayleigh-LGS. Accordingly our experimental investigation of Rayleigh-LGS anisoplanatism
effect with different LGS-modes (including focal anisoplanatism and angular & focal anisoplanatism) is presented. The
experimental results show that, increasing the Zernike order of turbulence-distorted wavefront aberration makes the
temporal correlation for corresponding aberration mode between natural star and Rayleigh-LGS with different
altitudes present an oscillation downward trend. Comparing with the Zernike variances of natural star wavefront, the
modal anisoplanatic error of Rayleigh-LGS increases with the increase of the Zernike order, which is greatly sensitive
to high-order aberration. At last the comparisons of our former numerical-modeling and experimental-measuring
results of different-mode Rayleigh-LGS anisoplanatic error’s impact on the corrected light-wave quality are analyzed,
and both of the results are in good agreement. This investigation is a useful promotion of our perceptive knowledge of
Rayleigh-LGS anisoplanatic effect in turbulence probing.
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Fig. 1 Schematic optical-layout of the Rayleigh-LGS anisoplanatic error measurement
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Fig. 2 Layout of sub-apertures of HS sensor in

anisoplanatic error experimental measurement
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Table 1 Characteristics of HS sensor in anisoplanatic

error cxpcrimcntal measurement

Parameter Value
Sub-apertures layout 12X12
Measuring precision of sub-aperture 1.3 (") /pixel
Temporal synchronization precision <5 ps
Working frequency 1000 Hz
. . 200 X200
CCD pixel (6.5 pm/pixeD)
Exposure time 1 ms
1,,./10*
r12.0
F 1.8
I 1.6
11.4
1.2
1.0
0.8
0.6
0.4
0.2
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Fig. 3 Beacon HS sensor imaging spots resulted from Rayleigh-LLGS return light with different altitudes.
(a) 8 km Rayleigh-LGS; (b) 10 km Rayleigh-LGS; (c¢) 15 km Rayleigh-LLGS
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Experimental result 15 0 0.17 0.12 1.32 /D
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Experimental result 10 0 0.19 0.14 1.26 A/D
Simulation result 10 0 0.18 0.11 1.29 /D
Experimental result 10 50 0.16 0.09 1.54 A/D
Simulation result 10 50 0.16 0.09 1.47 A/D
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