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Fig. 2. The sodium beacon effective anisoplanatic er-
ror variance U%FF_LGS as a function of angular offset
from natural guide star under different anisoplanantic

angle conditions.

3 NEHERAEFEERNED

g

107*
714 —o—Modified HV-30 model
10 ——Modified HV-35 model 3
: —s—Modified HV-45 model
107"
S 1016
7107
i 10717}
<
Y1078
1071}
10720}
10—21 L n n " "
0 5 10 15 20 25 30
h/km
Bl ERGRGE RS2 ZH R o h RS
i AR 2R 2%
Fig. 1. Atmospheric turbulence profile models used

in the sodium beacon’s effective anisoplanatic phase

variance analysis.

HE 2 T LLE B XA w0 = O, {47
TE T B1E b A B R A o B2 P S50 0 AR 45 3 R0
ﬁxﬁzé,? SR AN R B ERTT 2 X T
= 1 m AR AR, FEREBATE b5 A W FS 0 1
ij:, LA P2 | S 2 S AR N SR AR R A R
LS, RENERA LS RS R TT Z 1R
A X B2 RAf 0) = 4.68, 5.61 urad HIXTECK
FIZ6AE R, 10 prad A B i BURNAE b 1O G 204
A AR T ZTAE 1 rad? LLA; SR, X R 552 £
0o = 3.47, 4.68, 5.61 urad =Fi2&fF T, 50 prad /i
JEE A % P BN A Br (8 25 AR S5 7 2 T IE
HIRFEARSE =7 Z101E 10 fi5.

NGNS b A1 AR 55 2 1 [R] 0 Bl 22 4

3 o, Sl &

R EH R P ER

JeA% B PRIOL R S SR B I P[]0 s 8
R IERY 2  A JER  FLE U AT AL B ALK

< ane

) nsstitihi
I

|
|
|
|
1
|
T
|
|
|
|
!
|

— HRET1IEDL
=~ WfEbREOE EATR ST
— WfEbR M7

= KA
L]
L e
>
| \ F i,
s N e FEoImif
B L
e _/__% Ji/@r;%i 1
e V.o
- O Py
e !
v Pt
USROG fiit h@g‘%m :

K3 NEINE R A R AR SR Bk R ) SR B R 2

Fig. 3. Experimental measurement set-up of Na LGS

angular anisoplanatism.
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Fig. 4. Structure layout of Shack Hartmann wave-front sensor.
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Table 1. Measurement results of the anisoplanatic wavefront error for sodium beacon with 50 urad angular offsets (@0.589 pm).

SRS FI SR ELIHT RMS /A 50 urad f R ANEAREAT RM S /X EARIE SR AT RZE RMS /A
1# 0.533 0.546 0.464
24 0.511 0.502 0.401
34 0.495 0.490 0.375
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Table 2. Measurement results of the 50 urad angular offsets influences on the residual wavefront error after

partial Zernike-modal correction with sodium beacon (@0.589 pm).

Xt LB h7it 3 Zernike #E ) LIRS 1#

KRR T 2 SR T 34

BIES n BAEIERTIRE RMS/N  MA RTINS RMS/\ B JEHAITEE RMS/A
3—5 0.443 0.427 0.402
3—9 0.425 0.401 0.380
3—14 0.432 0.395 0.372
3—20 0.443 0.396 0.369
3—27 0.455 0.398 0.372
3—35 0.464 0.401 0.375
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Fig. 11. Influence of anisoplanatic error of sodium beacon with the 50 prad angular offsets on the imaging PSF":

(a) The 1# experimental results; (b) the 2# experimental results; (c) the 3# experimental results.
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F (% PSF R RSEMII0 46 4 5 (@1.06 um)

Table 3. Influence of anisoplanatic error of sodium
beacon with the 50 purad angular offsets on the imag-
ing PSF quality (@1.06 pum).

TR UEE Strehl te 6 E B
13 0.222 3.346
2 0.263 2.868
34 0.309 2.693
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Table 4. Theoretical results of the effective anisoplanatic phase variances U%FELGS for the sodium beacon

with 50 prad angular offsets (@0.589 pm).

HV A st Xof 7 S 6 A £ £ X’#E‘?@?Eﬁﬁﬂfﬁ i o ‘50 prad fﬁ\fﬁ?fﬁ%ﬁ%ﬂ%ﬁ
ATFSE 79 /cm LR 0p/urad AREGE N GERTE 0 pp 1.ag/rad?
Modified HV-30 model 7.35 5.61 3.32
Modified HV-35 model 7.36 4.68 4.71
Modified HV-45 model 7.37 3.47 8.00
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Abstract

To understand the characteristics of the anisoplanatic error resulting from different return-light experiences between
the sodium beacon with a greater angular offset and the science object through atmospheric turbulence, the angular
anisoplanatism for sodium beacon is investigated experimentally based on the technique of synchronized range gating.
The return-light spot arrays through turbulent atmosphere from the natural star and the sodium beacon with 50 prad
angular offsets are synchronously collected by using a single Hartmann wavefront sensor, consequently the synchronous
turbulence-induced wavefront distortion sequences are recovered for the on-axis natural star and the off-axis sodium
beacon. According to the experimental data, the temporal correlations of the wavefront distributions and decomposed
Zernike modes between the on-axis natural star and the off-axis sodium beacon are discussed. By comparing the off-axis
sodium beacon with the on-axis natural star, we analyse the statistics of the acquired angular anisoplanatism error and
its associated Zernike-modal variances for the off-axis sodium beacon, and derive the Zernike-modal relative anisoplanatic
errors as well. Furthermore, the influence of the acquired angular anisoplanatism error on the quality of imaging point
spread function (PSF) is studied. The experimental results show that the existence of 50 urad angular deviation between
the sodium beacon and the natural star causes that there are a certain correlation between just low-order Zernike modes
of these two types of wavefronts (e.g. from the 3rd order to the 9th order), but the correlations between other high-
order Zernike modes of these two types of wavefronts are severely degenerated and even these modes are de-correlated,
resulting from the improper turbulence probing with off-axis sodium beacon off the ray path from the natural star to
the telescope aperture. The angular anisoplanatism error has a great influence on the quality of imaging PSF, which
leads to a degradation of Strehl ratio of 0.31-0.22 and beam quality factor g of 2.70-3.35. Therefore, the influence may
not to be ignored. At the end of this paper, according to the derived experimental turbulence coherence length and the
generalized Hufnagel-Valley model, we calculate the theoretical anisoplanatic phase variance for the sodium beacon with
50 urad angular offsets, which is in good accordance with the measured anisoplanatic phase variance. This investigation

is useful in promoting our knowledge of sodium beacon angular anisoplanatism effect on turbulence probing.

Keywords: adaptive optics, sodium beacon, angular anisoplanatism, anisoplanatic error
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