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Abstract: Sodium laser guide stars (LGS), known as artificial stars, can be used to detect and correct wavefront
aberrations induced by atmospheric turbulence, which can significantly improve the adaptive-optical telescope's
imaging quality. Due to the limited corrected field of view of single LGS, multiple sodium LGS, created by
exciting sodium atoms in the Earth's mesosphere via multiple yellow laser beams, is developed to yield high-
resolution imaging in a much larger field-of-view, which has important applications in the fields of precision
astronomical observation and space target detection. The successful implementation of microsecond-pulse sodium
guidestars constellation via 100 W level pulsed sodium laser was reported, based on a small angle precise

polarized combining and splitting technology. At Lijiang Observatory, four-ways~20 W/beam yellow laser beam
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with kHz repetition-rate and hundred-ps pulse width were projected up to the sky through one launching

telescope, and generated a distinctive four-point grouping on a 40" field of view with variable configurations of

linear, parallelogram, rhomboid and square. The spot size of each guide star was about 3.25" and the

corresponding brightness was around 8 magnitude in V band. The sodium return signal could well avoid Rayleigh

light interference by the pulse synchro controlling technology to deliver higher spatial resolution. This could serve

as a technical reference for multi-conjugate correction systems on large-aperture astronomical telescopes.
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polarized modulation;
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Fig.l Experimental configuration of multiple sodium LGS system (BS, beam shaper; HW, half-wave plate; HR, high reflection mirror; P, thin film

polarizer; QWP, quarter-wave plate; PD, photo detector; OC, optical chopper; CCD, charge-coupled device; p, horizontal polarization; s, vertical

polarization; L/L,, linearly polarization at a 135°/45° to the x-axis; C;/C,, left-hand/right-hand circular polarization)
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Fig.2 Measurement results of average output power of sodium laser
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Fig.3 Measurement results of sodium laser wavelength and linewidth
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different configurations
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Fig.7 Spot size of single sodium LGS(Squares: Experimental results;

Solid line: Gaussian fitting)

B P B I AR A & 5 1) ok b Ok 2 S BRI s/ip M R
A, T8 W DU Ay 2 — R I R T PR A — U A
T 158 i 4 ' 8 A e R s 4 0 o D0t T 1 A8 A R M
AFNEZE 1) B AR A5 LT, O 55| LT
Ho i b & ST T R R AR, S5 R 8 iR, fE
I K DR, IE A R AIR ' HE IE 38 2R i B ot )
BT I R SRR B T 4 45%, X 5 Z w22 e A
I 158 i A1 Y D 45 SR AR B AR G (1, 3R B I 52 [ Al
PO 5 B ik o6 — B T DL s g g R 1. AR
[e] S 3 o A R 55 22 TR 0 06 2R, Al B B O 351
BILEAN VB 8 A,

3.0x10° r —e— Orthogonally circular polarization
—u— Orthogonally linear polarization /{

2.5%105 | /
A ;/{
< 20x10° | p i
z —i
L= {/ /i
» 1.5x10° f —
=

1.0x10° | /i/ /'I/i

5.0x10*

4 6 8 10 12 14 16 18 20 22
Laser power/W
Pl 8 TE A I8 i 41 1 L A8 2k i 41 594 4 5 | 22 [T 9 i B RO D 4R B4
A
Fig.8 LGS flux for orthogonally circular and orthogonally linear

polarization versus laser power

MIE 6 7] LU, AEOE N5 5] B R R B
2o RS i P O B R RO A, L B LU A B B
SR ARG, KRR FEAL T IRMEME L, b £
2L F S RO RGN — OGS S
IO B, o 3 S ik B mT AR v A s
N [ 5 S50 T 9 o T 25 0 T o B DB O o AR 4
WOLAS B T AR 1 kHz ALK b 58 BE 100 ps, BRE A
FLAY B RO 5 80 S 51 B 11545 5 A 9 B o AT LA
BE, h 58— BOCRK T A 5 — A E AU
M\ 0~433 ps 3R [P1 R 1 TR, JF 7= A 0 20— 8055 | 2L ]
W TA] 2 533~833 ps; H 5 NI Ik b e = A 1 5
TS F F BT G 1000~1433 ps 1 7] £ H 15, 7855
AN 5] R B9 I A (1533~1833 ps) 2 A AR —
ANEH G5 ]S (A1 I ] (533~833 ps) 2, WA 1A

20220321-5



ISk A2

% 64 www.irla.cn % 51 %
HE, I, 3 S i e e 5 B a5 B imaging performance of 1.8 m telescope sodium beacon adaptive

Il i [ 22, mT LIBT3 F1) B Y6 2E A B CCD, SUA R
PO S B AT RO R, WA 9 A 1B B R, BRI
R MR LU 25 58 = DU, (8 TR 2k A Dt s: R GEH]
WA,

Microsecond pulsed laser

7 S

Rayleigh backscattering echo

X Sodium LGS echof Sodium LGS echo

Signal intensity/arb. units

Start: 0 433 533 833 1000 1433 1533 1833

Time scale/us

Pl 9 BBy B A NGO GAN S 5 | B AR5 (IRl RI T4 BBt
M5 2EB)
Fig.9 Simulated echo of Rayleigh and sodium LGS(Inset: Sodium LGS

image without Rayleigh)

3 4 i

i 25 b BB 70 5 ) 1 A s G, Ry s A
R RAE . KSR SOOI R, & otk
ol B R ARRCHE . SR — RN R %
AR 53 6/ 5F AR EE i, FEMITT R SC A 1.8 m BT hE
&, il — & R A T R Bk O 5
BERTE, 75 40" VLI AL 37 A 52 301 AR Y AT 45 1 I
SHIE, M | PATIUAIE . 328 IE B, A
B 8 R, LB R/ 3.257, S, KOG
(4 1E A R R IR A5G AL 0 IE A B IR A 5, BT
TV, ORI T 15 A4 . IeAb, i ik
P R] 2B 9 1 AR BTy 25 B T B ARG X R 5 B Ok
BET5 G, AT ARAG a0 1 M B It w0, 2 s ke L
P I AR B i, X — 45 00K A B T 3l R A ok 2
LS T MCAO Fi AR 1K & .

S Xk

[11 Deng K R, Wei K, Jin K, et al. Research on high-contrast

[10]

[11]

[12]

[13]

[14]

20220321-6

optical system [J]. Infrared and Laser Engineering, 2020,
49(8): 20200058. (in Chinese)

Yang X Z, Kitzler O, Spence D J, et al. Diamond sodium guide
star laser [J]. Optics Letters, 2020, 45(7): 1898-1891.

Huo X W, Qi Y Y, Zhang Y, et al. Research development of
589 nm laser for sodium laser guide stars [J]. Optics and Lasers
in Engineering, 2020, 134: 106207.

Wizinowich P, Chin J, Correia C, et al. Keck all sky precision
adaptive optics [C]//Proc of SPIE, 2020, 11448: 114480 E.

Dam M A, Hernando Y M, Cagigal M N, et al. Overcoming the
effect of pupil distortion in multiconjugate adaptive optics
[C)//Proc of SPIE, 2020, 11448: 11448 P.

Neichel B, Lu J R, Rigaut F, et al. Astrometric performance of
the Gemini multi-conjugate adaptive optics system in crowded
fields [J]. Monthly Notices of the Royal Astronomical Society,
2014, 445: 500-514.

XuZY,BoY,Peng Q J, et al. Progress on sodium laser guide
star [J]. Infrared and Laser Engineering, 2016, 45(1): 0101001.
(in Chinese)

Xie SY, Wang C L, Bo Y, et al. High-power quasi-continuous
microsecond pulse sodium guide star laser [J]. Optics and
Precision Engineering, 2017, 25(10): 2661-2667. (in Chinese)
Calia D B, Hackenberg W, Holzlohner R, et al. The four-laser
guide star facility: Design considerations and system
implementation [J]. Advanced Optical Technologies, 2014, 6:
0025.

Huang J, Wei K, Jin K, et al. Study on spot size and photon
return of a sodium laser guide star [J]. Infrared and Laser
Engineering, 2019, 48(1): 0106004. (in Chinese)

Bian Q, Bo Y, Zuo J W, et al. High-power repetition rate- and
pulse width-tunable 589 nm versatile laser for adaptive optical
systems [J]. Optics Express, 2020, 28(9): 13895-13906.

Liu X Y, Qian X M, Huang H H, et al. Numerical simulation of
the number of return photons from sodium laser beacons excited
by macro-micropulse laser [J]. Chinese Journal of Lasers,
2014, 41(6): 0613001. (in Chinese)

LiuJ, Wang J L, Lu TY, et al. All-solid-state 589 nm laser and
the brightness of excited sodium guide star [J]. Optics and
Precision Engineering, 2014, 22(12): 3199-3204. (in Chinese)
Chen T J, Wang F, Li X Y, et al. Return intensity of sodium
guide star based on pumping under multiple laser parameters [J].

Chinese Journal of Lasers, 2020, 47(8): 0801001. (in Chinese)


https://doi.org/10.3788/IRLA20200058
https://doi.org/10.1364/OL.387879
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1093/mnras/stu1766
https://doi.org/10.3788/irla201645.0101001
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.1364/OE.392481
https://doi.org/10.3788/CJL201441.0613001
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/CJL202047.0801001
https://doi.org/10.3788/IRLA20200058
https://doi.org/10.1364/OL.387879
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1093/mnras/stu1766
https://doi.org/10.3788/irla201645.0101001
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.1364/OE.392481
https://doi.org/10.3788/CJL201441.0613001
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/CJL202047.0801001
https://doi.org/10.3788/IRLA20200058
https://doi.org/10.1364/OL.387879
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1093/mnras/stu1766
https://doi.org/10.3788/irla201645.0101001
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.1364/OE.392481
https://doi.org/10.3788/CJL201441.0613001
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/CJL202047.0801001
https://doi.org/10.3788/IRLA20200058
https://doi.org/10.1364/OL.387879
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1016/j.optlaseng.2020.106207
https://doi.org/10.1093/mnras/stu1766
https://doi.org/10.3788/irla201645.0101001
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/OPE.20172510.2661
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.3788/IRLA201948.0106004
https://doi.org/10.1364/OE.392481
https://doi.org/10.3788/CJL201441.0613001
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/OPE.20142212.3199
https://doi.org/10.3788/CJL202047.0801001

	0 引　言
	1 实验装置
	2 实验结果
	2.1 钠信标激光器性能测试
	2.2 激光钠导引星星群测试

	3 结　论

