Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

HETRISRMHOP NS EREIEF ML HAR
MR BXAR T4 FiE Sk KERE

Experimental research on focusing anisoplanatism of sodium guide star via synchronous pulse detection
Chen Tian-diang Zhou Wen-Chao Wang Feng Huang De-Quan Lu Yan-Hua Zhang Jian-Zhu
5| 15 & Citation: Acta Physica Sinica, 64, 134207 (2015) DOI: 10.7498/aps.64.134207

1E 251515 View online:  http://dx.doi.org/10.7498/aps.64.134207
23y 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/113

AT RERCH B B S &
Articles you may be interested in

BRZEESCHRAE R AL SR L R S 36 0T 7

Experimental study on propagation properties of spherically aberrated beams through atmospheric turbu-
lence

YH % 4.2014, 63(13): 134209  http://dx.doi.org/10.7498/aps.63.134209

4 Kolmogorov K i X i i 71 B 6 A4 R i 5
Influence of non-Kolmogorov turbulence on the spreading of Gaussian array beams
VP22 4%.2014, 63(1): 014207  http://dx.doi.org/10.7498/aps.63.014207

JRy b P A7 F% %of AR 38 YA R B 1 2 S K e

Influence of local zero-plane displacement on effective aerodynamic parameters over heterogeneous ter-
rain

YE % 4.2013, 62(14): 144212 http://dx.doi.org/10.7498/aps.62.144212

%05 43 A 00 LE non-Kolmogorov Jif i 1 (A&

Propagation of polychromatic partially coherent decentred laser beams propagating in non-Kolmogorov
turbulence

YE=4.2013, 62(14): 144211 http://dx.doi.org/10.7498/aps.62.144211

AR} 2 B v 30 - R R M SRAE Rt a0 <R RE b AR IS 4 2 1 7

Average intensity of tilted and off-axis Gaussian Schell-model beams propagating through a cat-eye optical
lens in atmospheric turbulence

PP 22 H%.2013, 62(9): 094214 http://dx.doi.org/10.7498/aps.62.094214


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.134207
http://dx.doi.org/10.7498/aps.64.134207
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract59805.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59805.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59805.shtml
http://dx.doi.org/10.7498/aps.63.134209
http://wulixb.iphy.ac.cn/CN/abstract/abstract57328.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57328.shtml
http://dx.doi.org/10.7498/aps.63.014207
http://wulixb.iphy.ac.cn/CN/abstract/abstract54490.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54490.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54490.shtml
http://dx.doi.org/10.7498/aps.62.144212
http://wulixb.iphy.ac.cn/CN/abstract/abstract54660.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54660.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54660.shtml
http://dx.doi.org/10.7498/aps.62.144211
http://wulixb.iphy.ac.cn/CN/abstract/abstract53620.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53620.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53620.shtml
http://dx.doi.org/10.7498/aps.62.094214

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 13 (2015) 134207

ETRIZHRNAKTINSEREIFFENMN

=2 A LT sk
SCIGA ST
AU B VD F4D #FERVD sameld gkEad)

1) (hE TR AT ST RE S BT 2T AU, 4iFH 0 621900)
2) (FREEOE R HHER E S0 %, 440 621900)
3) (b5t B AP LS BT, dEat 100094)

(2014 4 8 A 30 HU&F; 2015 4 1 A 13 HIZRIE8H )

AICHR AR R Greenwood I [ % %5 4 SR I A2 RN BOR S BLh 5 22 IR AR AR A AR, T e 17 Jhkarb 4
AN R RN S, SEBL T ROV JR T B 5 2 R [ A5 AR AT LI B e A B e 1) ) 25 4430,
FHIRAFEN T 12 5 e Bt gl 1o, A I8 TG — B0 K L Zernike 28 5 A BB RS A8 1F 25 J THI X 52 56 45 3R AT e
ST, SEIREE R, AR AT SLI AT T, BRI N T 2 D SIS R = R ) RO B BERUIR, 12 T
PRSI, AELF) 20000 1 Y 2L 98 T 4R 2% RE DR AR ALUTE, 3L Zernike R AUAE AT 36 By — S gedy, BMEE /K
WA 22 RN 5 AT B T S BRT B R AR A RO IE, 0 B s i T R R 22 e SR AR AR SR A T 22/ T 0.1

rad?, T LI 45

KBEIR): FDORN, 94T 12, IRARARSR R, iy 22

PACS: 42.68.Bz, 42.25.Dd, 95.75.Qr, 42.62.—b

1 5 =

WOt T AR AR ACE IR = 2 T I R
A (10—20 km), 502K H 85—100 km 5 B2 44 3
BBl ARk, AR i IR 58 R A4 H A 0 I g
73, FET NEHOE TR BRI BRI RO RSO
MR . T s R UK, X TR B R
TEE R G, BRI SRR R 2 R A R
M. AT 2 B R R T Do 28119 589 nm Otk
85—100 km & 7%~ it J& T o (00 84 J 7 7= A=, BT
PR AL, ORI RGP AL B E B
R AR, $94 T K DR BEim B e i Bk 5 &
YCTHT ) [ HE O, R/ R AR SR R R 2 A
FUACER AR N IE T 6 UR. N 2000 4EFF 45, 36 1 AN
BRI R S G B 2E T R T Wt s e el 5 B lae, &

* ER BRI E TR (S 2013AAXXX1040) 7 SRR &L

T IBE1E#. E-mail: 13310412Qqq.com

© 2015 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.64.134207

FEEE Lick K&« Very Large KX 6 &2 k7,
Gemini South X3 &+ B e 75 R 3L 535 & )
TERE T80 2 D A B AR I 256, SR A5 98 B2
12130 photons-s~!-cm™2- W1 4 5 2 [m]i 14,
N J7 T, 2007 4, o E T AR B 5T e R [ 1L
BRI T 81 S 2 1D Pl 2008 4% 2012 4, o
B 2 Bt ' FRATE 70 B o [ R} 2 e Qi ) BE S 4 2
fiff 70 i 5 [ R 2 e K AR AU 98 B 4, 58 i 4R
B G E BDsEG 67, DL RS B e ES:
A IE SO hIs RS B 201247 A, R E TR
YIER I 5 Be S A L A A AT R R B A S R K
MEOGAS, SR FH IR TA) e 188 52 AR R4S 15 I 1 ik v -5
D Bl BRI, XM RE S EREHS
SRR I AR AR T SR A R AR 0 #r . [
BF, 52 PR T Bk 2 B 5 22 O T I B e R AN B, 33
FRFHRT RIS R I A RE.

http://wulizb.iphy.ac.cn

134207-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.134207
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 134207

AETMNEROL T RIS R R E B E
IIMTRAT, — BRI [ 6 1 Y T AT A it
S BRI INEE R E SRR ER A
SE VRO TR AR SO 2 1 20t b, AN
TSR T RIE LB R R T AR
HERRTE.

NEERIENEWN S ZBNAREFE N
PR IE S ECIRI BAE S, #RH TR Green-
wood I 8] % 5 4 [R] 22 I B AR A2 5 0 3 22 [ Dl
T (1 75 S AR S AR IR Z M &, 1Al 2 RS
RS AL

2 EibpAr
2.1 REBREEFEN

REFRSEGEE: RS, HAREA
it T B HE T i I R AR A B2 I 4 0t e #E 2 H AR
AR SR BT B A TR di i K AR I Rl B 5 A R
R RNIE SR LTRSS E M EE RN R
&4 N1k, B WA e R A AR S R T 5T T T T
J& T V2T AR, e R AR RS R B A%
PEIFRE T BRI 20 A, R @S 7 AH R T SR
i [9—12]

ARSI 2 KA BE RN & 4 1) H AR ik
A5 2 A ) B AR SF- 52 T (Piston) %) H br % &2
Wi, HL ORI VA 1) H BRI A BEAR R (Tile) A
24 (Defocus) 485 & A RN T 2 (13 45 2
HREE, PR NiE - B R RS =TT = T
FH S B BRI TR AT A AR A B R T 52

KB SRR, SRAF AR R AE S5 27 %
02 piston~ TEAMURHE 275 22 02 ML AR 2Ty
Z 0% 0w MR

L
o2 :0.5k8D5/3/ dzC2(2)

y {F{— % —%;2; (1- z/L)2]
L /L)5/3
- H(JIEQ—S//? L [273//36} }

L
oty = 0.8345k3 D/ / dzC2(2)
0

1+ (1— z)S/SF[ 7/3}

Jm2-11/3 29/6

(1)

X

(- ls-ta-3)])

(2)
L o]
0% :2.606k38/0 dzC,QL(z)/O drk8/3
Jl[DHZ/QL]
8 [1_2 Drzj2L |’ ®)

X, D] 3% eR 4, Fla] 28 LT s L.
KRBT R B BUR LA T 22, R T2
N5 BN S I AR TS 2208

2 _ 2 2 2
OcLow — 9Low ~— Opiston — Otilt- (4)

o F SR RS R R 2, T OB R I
Zernike 2 AL A 7 2 MO bR 45 RS 5. 24y
BT, bR 7 BT R R (R UL AR 7 2 10 5 22 A
BRI SOR s

Octtign = 0.057D° kg (H), (5)

o= [Tz, @)
H

o w, (H) ORI m 48, wh (H) £ G E
DL R SR i A, H oA B A, b
R

SOEBEREENESEAEEN KRN
REAHRZ, FERR T AR TR A S AR AR i 5 ph [ 4
RSB AL IR ZE N

Toone = Tetow + JgHigh' (7)

R HE Hufnagal KSR, HV57 KA A K SLC-
Night KA RS B R ARG 20 &
MOZR AR 2 an i 1 AT 2 fr s, 3% BLER IR
K2 & RS0 EH T MR B, B 1.3 um. 5
SIS R SOk [12) B R IR R S A — S

u

0.08
—6— H(1300 nm)
0.07 HV57(1300 nm)
SLC-Night (1300 nm)
0.06
T 0.05
3
~
a
< 0.04
0.03
0.02
0ot b— i
80 82 84 86 83 90 92 94 96 98 100

h/km
1 WeREREFESSTEME LRI (1.2 m#
W 4)
Fig. 1. Focusing anisoplanatism variance with height

(with 1.2 m receiving diameter).
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Fig. 2. Focusing anisoplanatism variance with differ-

ent telescope diamerer.
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Fig. 3. (color online) Synchronous detecting sketch

map of the Focusing ansoplanatic experiment.
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Fig. 4. (color online) The returning light matrices of
sodium guide star and a natural star via one laser
pulse: (a) the returning light matrix of sodium guide

star; (b) the returning light matrix of a natural star.
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Table 1. The measring results of the focusing aniso-

planatic error of sodium guide star.

g BAEWM o2 WMSEMNE o2 REFSENE?
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1 3.44 4.44 1.53
2 4.24 5.89 1.57
3 4.52 5.64 1.51
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Fig. 5. (color online) The recovered wavefronts of sodium guide star and a natural star via one laser pulse.
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Fig. 6. Error contrst from various Zernike coefficient be-

tween sodium guide star and natural star.
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Fig. 7. (color online) Contrast map of natural star

imagines between not-calibration and simulating cal-
ibration: (a) group 1, not-calibrating, f = 4.34,
BQ = 2.68; (b) group 1, calibration, calibrating,
B8 = 2.77, BQ = 1.41; (c) group 2, not-calibrating,
B8 = 4.80, BQ = 3.10; (d) group 2, calibration, cal-
ibrating, 8 = 2.47, BQ = 1.63; (e) group 3, not-
calibrating, 8 = 5.05, BQ = 4.16; (f) group 3, cali-
bration, calibrating, 8 = 3.22, BQ = 2.40.
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Fig. 8. (color online) The recovered synchronous sin-

gle frame wavefronts obtained in measuring error de-
tecting experiment: (a) sodium guide star; (b) natural

star.
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Abstract

No reports of measuring the focusing anisoplanatism of laser guide star were mentioned before because the guide
star instantaneous wavefront measurement technique by using sodium is not mature. As directly verifying the confi-
dence of artificial sodium guide star which takes the place of the natural star to become the reference of atmosphere
adaptive optic correction, in this paper a new method is put forward that the focusing anisoplanatic error of sodium
guide star can be measured via synchronous pulse detection if the atmosphere Greenwood time is constant. Results of
correlation analysis show that it is feasible to establish an experimental system for the measurement. A high-precision
wavelength and linewidth sodium guide star laser and a 1.3 m caliber telescope underly the experimental system for
the technology research on the focus anisoplanatism. Experiment of detecting sodium guide star has been carried out.
And synchronous detection about the returning light matrix of visible light of sodium and the natural star is achieved
when both are in a coincident imaging path. In the experiment, the recovered single frame wavefront of sodium guide
star is acquired, and experimental data analysis is carried out in several aspects: contrasting the coherence of the two
types of wavefront images, comparing the Zernike coefficients, and simulating the imaging calibration. Results show that
the imaging contrast in the light matrix of the plused sodium guide star is poor because of the limited experimental
condition so that the precision of the recovered wavefront is restricted, but the two groups of wavefronts the sodium
guide star wavefront and the natural star wavefront always keep nice comparability, which we can see from the recoverd
synchronous wavefront images. And the Zernike coefficients of both are close in the first 36 orders, which we deduce from
the Zernike anisoplanatic error curves. Simulation result shows that the acquired sodium wavefront data would con-
tribute to calibrate the far-field images of natural star in astronomical observation activities. And the measured results,
below 0.1 rad?, while wiping off the wavefront recovering error are close to the theoretical result. Result shows also
that the low SNR of sub aperture imaging restricts the wavefront recovery precision to some extent, but the effective
atmospheric wavefront distorted information has been obtained by sodium guide star experiment and it can help to

correct the natural star images.

Keywords: synchronous detection, sodium guide star, focusing anisoplanatism, wavefront
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