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Fig. 1. Process of excitation and decay for interaction

between laser at 330 nm and sodium atoms.
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Table 1. Parameters of polychromatic laser guide stars in the numerical calculation.
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Fig. 2. (a) Probability curves of excited sodium atoms
for four linewidth laser; (b) fitted curve of excited
probability for laser with 1.0 GHz linewidth.
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Table 2. The return photons and standard deviations of polychromatic laser guide star for the pulse laser

and the continuous wave laser with 330 nm wavelength.
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Fig. 5. Influence of repetition on the return photons

of polychromatic laser guide star.
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N 30%. R B, EEHOGEO I IRREOL T HAS
SBEFOCHIIR BAR AL, BRSOt EOR 1 156
THEEBOCHIIR P BAR A RIS 2 A AE
BOL RS WG 6 EAR D9 20 cm I 3RAF (1 (8] O
THURD, MAEFOC K MY EAR N5 cm Al
60 cm I AP0 TR L . Ko i TR AADE
WATH L FEER, 5 cm F160 cm FIBOL R SHHI4E
Y BE B T BUROGTE KA I 26 BEBCK 20, g
SRUIGAE AR, PR T HOCHO I R T IR AIRE L.

6.3 KRSEIEX B FHAIFN

T RN A O U, & BUIBOEE
581 330 nm [FEOL T HU™ EER. BLEZ OEOE
TR BEOE T RO E S R, B Modtran5 15
TRABERT,, dFEh o B X 4R,
RELAE N 15 kB B £ R R RS
ok AR, SR B % N 8.06911 gm/m?, 7K

%3

IR EE %N 0.85171 gm/m2. NT T#EKAE
LR KAE I s, R 3 FIH TRENE S
330 nm 1 2207 nm WO K FE L 20T N A, 17
PR PBERA (11) 2, HE T ROk £
WOt T A 330 nm B[R T2 Pas0.

FH# 3 FIEHE PT LAE H, KA AR UL XS 330 nm
WO KAGE S A 8 R, 1% 2207 nm K
SIEREWR/N. LEREILE N 10 km (5 6LF,
330 nm WO KAE L R AN 0.148, [HIH L TFHCN
3.642 x 103 ph/m? /s, LI [R]85 6 T O BE3H 2
PERTERI SR 21221 ARE 7 AR (11) AT (17) T,
R Bk O R SRR EN 7.725 W, A RS
35]4.2 x 10® ph/m? /s ] 330 nm [F] 3 6+ %, B
5 B 28 B A URHR I B 75 1O 1 2. Re LR
N5 km B BOBK S REE N 34.1 W A HE 2 Bh ]
BRI ESR. Rk, X F Rk B0k, 7678 W
KT 5 km EHL T, B3R1H 4.2 x 10% ph/m? /s
330 nm [BIPOETH, RATFE 34 W BLEREOEK
WheE, JFHERTLZENRIRA.

fELE S 330 nm Al 2207 nm PO RSIEIL K B K 330 nm I [E1E L T4

Table 3. The atmospheric transmittance of laser with 330 nm and 2207 nm wavelength, the atmospheric

visibility and the return photons at 330 nm.

fE L /km 5 10 20 25 30 35 40
330 nm & FR 0.066 0.148 0.205 0.244 0.270 0.292 0.307 0.319
2207 nm iR 0.848 0.909 0.935 0.949 0.958 0.963 0.967 0.970
$330/10% phom—2.s71 0.766 3.649 6.772 9.394 11.35 13.13 14.41 15.47

XTSI, TERE WL 10 km B L R,
FRHE 77 F% (12) F0 (18) 1HE, 152330 nm [H1E G+
BN 713 x 103 ph/m? /s, XF B [PIEOE K S RE R L
N6.76 W. fEREWLFE NS5 km 5 GL T, 543 5
330 nm [P THON 3.18 x 10° ph/m? /s. W T
HERTE4.2 x 10 ph/m?/s 1330 nm [ 36 T %,
KAFE20 W UL LR R

T % ®

F£F 330 nm O 5 E T AE R R TR,
TR T KT8 50 nis (R Mk b ' R 3 SR O R B
JE T BBOR S MR DU 2 0 2 330 nm A
2207 nm 17 B EETFH. R T KoL ) A
CBOLHIIR LR EAR OLlE) BLEAKRIEL R £

TBHOL T R RO TR . R B, 13
FILLT 458,

1) ok O A S O ORI T T IO 3
MR SHOEH 5 <. X 50 ns KR EOE,
1 GHz HIHOG 9O N R T F O SR B,
XTSI, R 0.6 GHz MO 58 UK N R
TSR B

2) BIE R EZ BOCRE R 1 W, 1L
B BORS MR EOLT 9, KADESHOL R 2
O T R IRAFI 330 nm BT b 1 HE LE Ak b i
TR KRB T8 30% DAL, I HIESHOGIM
K2 tioe T 2 I BBt TRU LR,

3) Jik s O R EEP A AN AT 46 D B ELAR B 5
Wi % oL R MR BOL T . 2 OE0LR RN
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330 nm A1 5 B EOE A RN A, {2
Fe K AT R I N E] 50 x 103 Hz LB, [813%5%
FHIE IR AR, 7E Greenwood K i it 15
T, MR EOEBOR 1 1RO T B W 46 6 B B4
AL B I A

4) KARIE A2 5 330 nm BOE KL HiEE
O 2 A0 T 2 330 nm Bl T H ) H 2
2. )& Greenwood K iz, 7E GE WLJE /)
T5 km HIE =T R &M T, & 238450 2 3 A
B A AGURHRI (4 18] 38 O 7 2, K PO Ik 5 RE
B3 WL, BEEOE RS iR R R
20 WELE.

FEAE R R AT BLESS g —J7 T S 0GR AE
fi 3k 5 b DR AU SRR R A AL A S 06 5 4
JEFAE O BERLE A 5%, o5 —J7 S HOGHE RS
Hh ) J2 B0 D' 5 4 A1 DL R O 5 K 3 B ) VR MR
K.

M, K330 nm WOLMK 2 R0OL TR, B
EFE LN N A RS PN b so RS b AL
SO 5 ki O AR UL, SR EOE e ko
AEZHM AL
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Abstract

The properties of return photons of polychromatic laser guide stars excited by a modeless laser with 330 nm
wavelength are investigated in this paper by numerical simulation. The repetition rate, linewidth, initial diameter
of laser spot and atmospheric transmittance have great influences on the return photons at 330 nm and 2207 nm from
polychromatic laser guide stars. First, the laser linewidth is optimized by solving the rate equations of interaction between
laser and sodium atoms. We find that the 0.6 GHz linewidth for the continuous wave laser and the 1.0 GHz linewidth for
the pulse laser are beneficial to obtaining the higher excited probability of sodium atoms. Based on the fitted relation
between the excitation probability of sodium atoms and laser intensity, considering the random distributions of laser
intensity at the mesosphere due to the influence of atmospheric turbulence, the return photons from polychromatic laser
guide stars are numerically calculated. The results show that the return photons at 330 nm excited by the continuous-
wave laser are more than those excited by the pulse laser. And the return photons excited by continuous-wave laser
almost do not fluctuate when laser power arriving at sodium layer is 1 W. Furthermore, effects of the repetition rate of
pulse laser and the laser initial diameter on the return photons at 330 nm are studied. The two results are obtained as
follows. The first result is that the increment of return photons at 330 nm will converge to a constant value when the
repetition rate of pulse laser is over 50 kHz. The second result is that the initial diameter of continuous wave laser has no
effect on the return photons but the effect of pulse laser is more obvious. Particularly, the atmospheric transmittance is
an important factor of influence because it causes a severe loss of light power at 330 nm wavelength. Under the conditions
of 5 km atmospheric visibility and 12.8 cm atmospheric turbulence coherence length, the launched power of pulse laser
with 50 ns duration should be more than 34 W for obtaining enough return photons required for the effective detection
of atmospheric turbulence tip-tilt with the natural stars. But for the continuous-wave laser, the launched power should
be more than 20 W. In the case of 10 km atmospheric visibility, if the same return photons at 330 nm are required,
the launched power of pulse laser will also be more than that of the continuous-wave laser under the same conditions.
Therefore, the continuous-wave laser has more advantages than the pulse laser in exciting the polychromatic laser guide

stars. We hope that the above results will be beneficial to the further experimental research.

Keywords: polychromatic laser guide stars, continuous laser, pulse laser, return photons

PACS: 42.68.—w, 42.68.Bz, 42.68.Mj, 42.62.—b DOI: 10.7498/aps.67.20171025

* Project supported by the Open Fund of Key Laboratory of Atmospheric Optics in Chinese Academy of Sciences, China
(Grant No. 2015JJ01) and the Key Projects of College Natural Foundation of Anhui Province and Anhui Provincial
Department of Education, China (Grant Nos. KJ2017A401, KJ2016A749).

1 Corresponding author. E-mail: gianxianmei@aiof.ac.cn

014205-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20171025

	1引    言
	2理论模型
	Fig 1

	3数值计算方法与参数
	3.1 数值计算方法
	3.2 计算参数
	Table 1


	4钠原子激发态概率的计算
	4.1 脉冲激光与钠原子的作用
	Fig 2

	4.2 连续激光与钠原子作用
	Fig 3
	Fig 4


	5数值计算结果
	Table 2

	6讨    论
	6.1 脉冲激光的重频率对回波光子数的影响
	Fig 5

	6.2 激光初始光斑直径对回波光子数的影响
	Fig 6

	6.3 大气透过率对回波光子数的影响
	Table 3


	7结    论
	References
	Abstract

