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Abstract: Solar images with high spatial resolution, high temporal resolution across a large field of view (FoV) are
aspired for solar physics and space weather. Ground-based high spatial resolution imaging of the Sun is severely
limited by wavefront disturbances induced by the Earth’s atmosphere turbulence. Therefore, solar adaptive optics
aims at these requirements and it has revitalized ground-based solar astronomy at existing telescopes. Meanwhile,
multi-conjugate adaptive optics has been proved to overcome the anisoplanatism and obtain the high resolution
images with a large field of view in solar observation by compensating for the turbulence with several deformable
mirrors conjugated to different heights. In this review, we give some summarization of the development of solar
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adaptive abroad, and emphatically introduce several adaptive optics systems in China and the progress of large FoV

adaptive optics.
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Fig. 1 Principle diagram and the correction results of (a) classical adaptive optics, (b) ground layer adative optics and (c) multi-

conjugate adaptive optics
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Table 1 Developed/developing solar AO systems
/ /kHz /

76 cm DST/Lockheed 19 57 2 Analog circuits 1986
76 cm DST/LOAO 24 97 <1.6 24 DSPs 1998
48 cm SVST 19 19 0.955 566 MHz alpha 1999
76 cm DST/HOAO 76 97 25 40 DSPs 2002
70 cm VTT/KAOS 36 35 0.955 8x900 MHz Sun 2002
1.5 m McMath-Pierce 120~200 37 0.955 1 GHz Pentium IlI 2002
97 cm SST 37 37 0.955 1.4 GHz Athlon 2003
65 cm BBSO/HOAO 76 97 2.5 40 DSPs 2004
1.6 m NST/HOAO 76 97 2.5 40 DSPs 2010
1.6 m NST/HOAO 308 349 2 DSP clusters 2013
1.5 m GREGOR/HOAO 156 256 2 Multiple-CPU SMP 2012
4 m ATST/HOAO 1232 1313 - DSP clusters -
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Fig. 3 The development of solar adaptive optics in Institute of Optics and Electronics, CAS
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Table 2 The main parameters of the two generation solar adaptive optic systems
37 AO 151 AO
20 65
30 102
12"%x10" 24"%20"
I 0.5 1
MC1362 Phantom V311
/Hz 2100 3500
37 151
Absolute difference Absolute difference square
Xilinx FPGA V6 + Xilinx FPGA K7 +
TI DSP C6747 TI DSP C6678
Telescope i ™™
focus

Correlation tracker

Correlating SH-WF

Filter

D Filter|
1565 nm channel

B 5 1mNVST 37 £UKH AO A4 B
Fig. 5 Optical layout of the 37-element solar AO system for 1 m NVST
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Fig. 7 The short-exposure open-loop and closed-loop images of sunspot obtained by 151-element solar AO system

(705.7 nm@0.6 nm). (a) Solar sunspot images without AO; (b) Solar sunspot images with AO
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Fig. 8 Comparison of the observed results between without SAO and with speckle reconstruction of SAO image. These images were
taken from the six imaging channels. (a) G band; (b) Ha line; (c) TiO band; (d) Ca Il IR line; (e) He I line; (f) Fe I line?"
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Fig. 9 Sunspot (a) without AO and (b) with GLAO closed loop for active area NOAA 12599 (705.7 at 0.6 nm)
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Fig. 10 The short exposure sunspots images of (a) the uncorrected, (b) GLAO and (c) MCAO-corrected for active area NOAA 12683
(705.7@0.6 nm)
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Principle diagram and the correction results of (a) classical adaptive optics, (b) ground layer adative optics and (c) multi-conjugate adaptive optics

Overview: High spatial resolution imaging of the Sun is severely limited by the Earth’s atmosphere turbulence for
ground-based solar telescope. Solar adaptive optics (AO) aims at the problems and has revitalized ground-based solar
astronomy at existing telescopes. Meanwhile, multi-conjugate adaptive optics (MCAO) and ground layer adaptive op-
tics (GLAO) have been proved to overcome the anisoplanatism and obtain the high resolution images with a large field
of view in solar observation by compensating for the turbulence with several deformable mirrors conjugated to different
heights. Over the three decades AO systems have been deployed at major ground-based solar telescopes and become an
indispensable tool for obtaining high-resolution solar images today. Now the AO308 at the 1.6 m Goode Solar Telescope
(GST) represents the highest level of solar AO, which consists of a 308-subaperture correlating Shack-Hartmann wave-
front sensor, a 357-element deformable mirror and a high-order wavefront correction controller. The first solar MCAO
system Clear which is built at the GST saw the first light in 2017. In China, the development of solar AO dates back to
2002, in which the tip/tilt correction system was developed by Institute of Optics and Electronics, Chinese Academy of
Sciences, and built at the 43-cm Solar Telescope of Nanjing University. After that, a 37-element AO experiment system
was designed for the 26-cm solar fine structure telescope at Yunnan Astronomical Observatory. During 2012 to 2015,
based on 1-m New Vacuum Solar Telescope (NVST) at Fuxian Solar Observatory, two generation solar AO systems
were successfully developed. Meanwhile, MCAO and GLAO were under research to widen the correction field of view, a
GLAO and MCAO prototype system were developed and built for the NVST. In this review, we give some summariza-
tion of the development of solar adaptive abroad, and emphatically introduce several adaptive optics systems in China
and the progress of large FoV adaptive optics.
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