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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.

Key words: Rayleigh guide star; adaptive optics; laser projected system

:2015-12-05; :2016-01-08
(11174274,11174279)
(1990-), , s . Email:835762651 @qq.com

(1998-), s , - Email:caozlok@ciomp.ac.cn

02180621



02180622

8 www.irla.cn 45
A . 532nm;c ;AR
0 ;AR ;3 Ty
3Ty
Hy| ° 10cm,7=0.24,
b
7,=0.5,Az=1km, z=10km, 1 ,
[1] o
o
[1-2] 50
£ 40t
’ 2
= 30
s
F 201
&
° 2 10f
.31 =
2 o 0 L L L i A
100 300 500 700 900
Number of detected photons per sub-aperture
’ b
1
Fig.1 Relationship between laser pulse energy and detected photons
~ [4]
10~20 km™., per sub-aperture
o b
Ad)lill
Ad) o Ad)ﬁll )
’ .- [,
[5] ,
5/3
r
o N>116| —0) (2)
d
) A o
1 ) d=r0 )
2
=00 116 , 5.5m],
mm
5.5ml,
N=116 ,
1 (D ,
2 o
120
1.1 :E, 100+
2 80
< 60
5 E? 40t
& 207
08 10 12 14 16 18 20
’ © Altitude of laser guide star/km
l6l,
2
| EA A 2 ) o i
N=(K (o, A7) Amz x(ToT, xm) (1) Fig.2 Relationship between laser pulse energy and altitude of laser
uide star
‘N ¢
;0% e sh 500 mm ,



8 www.irla.cn 45
10km Blg<0.9 rad, AZ
0=y 2 (3)
10 km 1rad, W,
, 500 mm @) 3 0 z
, 10 km o 2 N
b b 4 ’ b
, 500 mm , ;
10 km o
1.2
. +«—————— Beam waist, w,
, Waist altitude, A&
b b
o
3
c/2z, s i
Beam size w, at launch telescope
o 11 km,
13.6kHz, 4
e Fig.4 Geometry for projected Gaussian beam
) Dp
o , o
91,
Altitade | ___/ [ :
S=S,xexp(—0.134(D,/r,)**) (4)
:D, 380
( Do
Time S
3 [10] ,
b .
Fig.3 Diagrammatic sketch of projecting laser pulses ]=SXI()=O.88XS/(/\Xh/Dp)2 (5)
:I() o
, , 5 , DJr=38
o ’ [e]
7cm, 260 mm
2
1.0,
0.8
0.6
: Fodl
o 0.2¢
: % i L T S T
D,/r,
o 5
2.1

02180623

Fig.5 Relationship between peak intensity and atmosphere

turbulence



3 www.irla.cn 45

9%

15
85 mm
2.2
’ , [1’1]:
5/3
o*=[0.101 479'&) (6)
0
: O ; 0, 0
6  3.2",
, 6 .

Error/rad’

Fig.6 Relationship between the error caused by the size of beacon

and the size of laser spot

6
o 0.01 rad”
(0<0.016A),
, O  2.01",

2" , 1",
¢(1.=%exp(—%)exp {—ik(1+%) } (7)
W iR

3T ;A o
1= exp| -2 | ()
., @ |
r=0,
) 2
o= 0

(2],
’ .

T =(D,Jd)™ (10)
) d()=0. 57 m,

0.270 3 rad?,

cone

HV5/7

5/3 5/3

Swmexp|=[0.134( 20| <[ De| || a)

0 d()
(11) Sw=0.397 2, 10 km
) =0 /VSu =
1.67w 1,
0.6",
s 7
o , 10~11km ,
9.8km s 0.446" ,
8.24~11.87km , 0.6" 5
9.8km .
C 0.65
3
3 0.60F
% 0.55+
2 050t
=]
2 0.45¢
k-
& 0.40 —

8.0 85 9.0 9.5 10.0 10.5 11.0 11.5 12.0
Altitude of beam waist,z/km

7
Fig.7 Relationship between radius of laser spot size and altitude

of beam waist

3
3.1
260 mm,
85 mm,
9.8 km, 21.3 mm,
0.25 mm, 10 km
1", 8 o

021800624



3 www.irla.cn 45

, 90% 24.15 mm, 0.48",
m, 8 L1 L2 , 0.6" o
s 10 ,L1 10 PV
-30mm, L1  900mm 0.068A ,RMS 0.02A,
R 0.98, ,
L3 ) ) o
85 , 2152.5mm,
260 mm 84 mm,
L3 1A o
=
L4
10
Fig.10 Wavefront map of laser projected system
n L2 B3 11 ,
A 5.3cm 1",
8
5.3 cm o
Fig.8 Optical layout of Rayleigh guide star projected system
2.0,
3.2 R
Y 1.5t
’ L g
°3,
§ ?. .0
’ ’
0.5 . L N R . . R
. 40 45 50 55 60 65 7.0 7.5 8.0
’ ry/cm
10 km 90%
[2] . 11 )
9.8 km: Fig.11 Relationship between spot size with turbulence and r,
9’ . 9
84 mm, 85 mm;
4
’
84.3% , )
3T, 116 ; ,
9 10 km s -
1.0 ) B
2 0.8 o 1 o
2
3 0.67 1
B
S 0.4f Tab.1 Tolerance parameters
)
& 0.2f Parameters Tolerance
073415 7244 1207 1690 2173 Radius +0.02 mm
Radius of circle/mm Thickness +0.06 mm
9 10 km Tilt +0.01°
Decenter +0.01 mm

Fig.9 Relationship between laser energy and radius

21994-2017 China Academic Journal Electronic Publishing BBI8862Ad1 rights reserved. http://www.cnki.net



3 www.irla.cn 45

, 0.02 mm )
, 0.06 mm , 0.48", ,
5 Zemax 17, ,
0.48" 0.59",
o Zemax
s 2 o [1] Boyer C, Adkins S, Anderson D R, et al. Adaptive optics

2 program at TMT [C]//Proceedings of SPIE, 2014, 9148:

Tab.2 Result by Monte Carlo method

91480X.

[2] Booth M J. Adaptive optical microscopy: the ongoing quest

Number of traceable Monte Carlo files generated: 100 for perfect image[J]. Light-Science & Applications, 2014, 3

Nominal 23.42740306 (4) el65.

Best 22.2746621 Trial 43

Worst 51.15502743 Trial 23 [3] Raab W, Rabien S, Gissler W, et al. The ARGOS laser
Mean 26.94344288 system: green light for ground layer adaptive optics at the
Std Dev 5.35707118

LBT [C]//SPIE Astronomical Telescopes +Instrumentation,

Compen?ator statistics: 2014. 9148: 91483K.
Change in back focus:

Minimum: —4.354741 [4] Arsenault R, Madec P Y, Paufique J, et al. ESO adaptive
Maximum: 25.507668 optics facility progress and first laboratory test results [C]//
Mean: 0.714573
Standard deviation: 4.127103 Proceedings of SPIE, 2014, 9148: 914802.
90%<34.54656821 [5] Gavel D T. An overview of guidestar laser technologies[C]//
80%<31.66877627 Proceedings of SPIE, 2012, 8447: 84470E—84470E—7.

50%<24.78718854
20%<22.56594577
10%<22.35664405 assembly of transmitter-telescope [J]. Optics and Precision

[6] Sun Jingwei, Lu Tianyao, Liu Lishuang, et al. Design and

End of run. Engineering, 2014, 22(2): 369-375. (in Chinese)

[7] Liu Xiaomin. Approach to the design of laser emitting optical
100 .80% system[J]. Applied Optics, 1996, 17(5): 19-21. (in Chinese)
10km 31.7mm, 0.6", [8] Hardy W J. Adaptive Optics Forastronomy Telescope [M].
° New York: Oxford University Press, 1998.
[9] Ageorges N, Dainty C. Laser Guide Star Adaptive Optics for
Astronomy [M]. London: NATO Scientific Affairs Division,
1997.

[10] Lv Baida, Kang Xiaoping. Some aspects of laser beam

, 5.5mJ; 10~11 km
, 13.6 kHz ; ,
D],/r()=3.8 3

7cm,

quality [J]. Infrared and Laser Engineering, 2007, 36(1):
47-51. (in Chinese)

[11] Wang Yunping, Huang Jianyu, Qiao Guanglin. A method for
evaluating high energy laser beam quality [J]. Journal of

260 mm ; 10~11km, Optoelectronics - Laser, 2001, 12(10): 29-33. (in Chinese)
9.8 km; [12] Wu Hanpin. Evaluation and applied analysis of laser beam
1.6 quality [J]. Optics and Precision Engineering, 2000, 8(2):

Zemax , 128-132. (in Chinese)

021800626



