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Fig. 1. (color online) Probability of excited sodium

atoms changes with the number of micro-pulses when

the peak intensity of macro-pulse takes the different

values.
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Fig. 2. (a) When Iy = 0—150 W/m?2, equivalent ex-
cited probability of sodium atoms; (b) When Iy =
100—3000 W/mz, equivalent excited probability of

sodium atoms.
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Table 1. experimental parameters for Jelonek et al.
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Fig. 3. (color online) Under the HV5/7 model for atmospheric turbulence (a) distribution of intensity for a

macro-pulse in the mesosphere and (b) distribution of backscatter radiative photons for a macro-pulse.
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Fig. 4. (color online) Under the Greenwood model for atmospheric turbulence (a)distribution of intensity

for a macro-pulse in the mesosphere and (b) distribution of backscatter radiative photons for a macro-pulse.
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Fig. 5. (color online) Under the ModHV model for atmospheric turbulence (a) distribution of intensity for

a macro-pulse in the mesosphere and (b) distribution of backscatter radiative photons for a macro-pulse.
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Table 2. Average values, standard deviations of the number of return photons from sodium laser beacon and

atmospheric coherence length.

REIWRER KREMTFEKE ro/em B FECFIIE Pmacro/(ph/macropulse)  #5#E 2 /(ph/macropulse)

HV5/7 6.0 5.875 x 103 0.0028
Greenwood 15.5 5.875 x 103 0.0026
ModHV 21.8 5.875 x 103 0.0024

20 LLA 1, fEHV5/7, Greenwood Fll
ModHV = KA Uit A% 20 3R 45 1 1B 1 £
FEMEM S, BRBOLTHEIEEAR. X5EOLE
KA 8] JZE B 658 70 AT A BE K /INVA 98, Ry
B F5 FE O FH T 45 R 5 S5l & AE 5200
ph/macropulse {RFZ1T.

3.2 FEEMTEITE

Shi (5] 57 F B i 22 - bk OB BOR AW E 7,
W T AN A5 B DR /N A [ 0 78, bkt FWHM
AT, = 600 ps, EH R, = 100 MHz; % ik 58
JE v = 170 us, HE R Ry = 400 Hz. TR

SW IO, KT HAREE /N T 76 cm, FERDLY R
GO CAR SRR, A8 B R 1] Z IO ) Th 2
Z811 W, KRB Z0.85. I8 h kAT ok el
Wt TFHON 131 ph/(cm?-s), 52 55 B 4N 2 A%
J% Cna = 7.0 x 10° atoms/cm?. AR #& LA - Z 1t
=K N B S IR D2 19 WL
5 Jelonek 55 S5 AH LU, PR 3 f8 FBOG SR 1 X
BITEF: Shif FOG 1 %2 ik vb S 0 ik 2 284 041 g
Jelonek 518 F WO 1) 7 kb v i 4 28, Rt 75
BLHHT TSR Shi SEES A UK AN R AEL G 5 I
TNk MO N R T U &S REZE (probability
of excited states p2), WK 6 AT7~.

EH 6 T, Bk i BAS [RJ SR G 9B I, % - Tk
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Fig. 6. (color online) Probability of sodium atoms ex-
cited by macro-micro pulse laser when the peak inten-

sity of micro-pulse takes the different values.
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Fig. 7. Peak intensity of micro-pulse and probability

of excited sodium atoms.
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BT A SRR (10 2.9 . FUrh— AN T L
R S BOE R AT7 SR HE ELE, 1T Shi 5256 1K
FeR A BARN. WO R AR E R R O B
R OB 2 R _E R A2 A7 R 19
LIRS B O BV YR A IR, T B
SRR DO THF . Btz 4b, BA E i B
57 8 HIE S WO 5 R T R e
FOARFIRN. SRS, A1 B 1 S0
131 phy/(cm?-s) 7E30CR 2 b AR R 1. BB A
5077 3 T L PR SRR M 8 (2 b 1 O T4

T3 AMEARIEREOE T BT AR AR ZE AT L R R U T

Table 3. Average values.standard deviations of the number of return photons from sodium laser beacon and

atmospheric coherence length.

KACHRIHER KT REro/om  BIBOETHCOFIME 8/ (ph/(cm?s))  FifE%/(ph/(cm?-s))
HV5/7 6.0 378 0.3770

Greenwood 15.5 378 0.3167
ModHV 21.8 378 0.3720
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p(i) = B'CnaR)y Y ASi(1) +7)

. (21)

x (1 —0.6552sin 0) R/ (4m). (22)

DAL BRI, R BREAR T 1) B R AR A, 0
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TEWORANE IR, BOBOE R S D3 20 W, K5 4% 40
cm, BHEHZE 4 x 10 atoms/cm?, KRIZET %
0.84. fE7% &R AN flis 2% IGO0 T, WOt
B VR F ) R R Ry (1)

I(i)
1+ 1(i)/88"

Rochester %5 ['81 i 7% FH —Ff 3 458 75 15 | 51 i
K OGO BB IR, R DI RS AR
B E R % B DL R R RE i R 5 Holzlohner 45 11 H
B AR R, & Mk 56 FE 120 us, fikih 5 2 %800 Hz.
RN TAET AL, PAR T REBOE A S H 37 i e £ #
o = 30°, WOLHIDG AT BN 1 #REL 1.1, X PR
SR TR A I B R R SHE R N 1)

R = 3.8994 x 103HII((Z))/176. (24)

N T A FROCHO N E R 2 57, 9l NBL
s 3 TP i R A 1 A 140 0 5 TR B8 (See) 1101, DA
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See = (25)

Hordp) & FoRm A FHOG UK NS B [BHEOG 14K,
A S R B g B e A R WA T BRI (] B A7 T AR
B 1l e 12 DA R OE 3R H B R 577 5
AT TESHOE. KK #EOE LK Jelonek %5
AT Shi SE58BUR AMAE A R it 5T R

x4 WL, KIKEOEBORBAE bR &R R S

Jelonek %51 Shi SZI& ) EL A%

Table 4. Comparision of merit quantity of sodium

laser beacon excited by continous wave laser and long

pulse laser with Jelonek et al. and Shi experiments.

g TRBIEL Seo/(ph/ (- W (atoms/m?)))

Holzlohner % Rochester % Shi Jelonek %%

HV5/7 253 259 498 298
Greenwood 181 160 498 298
ModHV 177 132 498 298

HEE 4 MRS R T LA H, eSS
Tt UK O O B AE B I i 5T DR B b S0
A Rk O LR, I BLAS BE KA I T AR 4k
WIS AN R R 22 S R 2R, A% U 2 -k i O BOK
BVEAR AT LLIRAS 5B 800 KK Bos UK 5
FrAH 22 1) 5 R4

Brubz Ak, (21) F1(22) KRB, B m R IE 2L
SN B OGO BE BR 38 23 52 B #1371 5%
Wi, 8/ IN IO SR R 37 1) S 3 78 S B A FH o 52 2
BEL 1), T 2 - e 8 s P A ik o 0 B — /N T 1
ns, JUFASZ /375200 .

4.2 -WEOPHCHE RIEREREER

FEBOC R DR ARMRHI LU, 2 -k
TREOEBOR AN B (K O S B 5 O 6 58 Al IE
LBk &, DR, FEROL TR AN T 20 WK 15 50
T, AT DO B AN E AR B BREOE T 8BS BOL K k&
ST AR b R RO A e R e s
MBI A B 11O 5, JF B BB 7 H 1
INAN SR BT B R 7 s (AR R, 1K
WOt & [N 12 P EOL IR, M
BUNEAROCBEE 2SR, SE RGBS KAR T H
RGBT, P, e R A& O
fEbR e AR A2 L.

FEROC RN 5 Em G 0L R, BOtE
PREDEPFFE R SO R A H VIR R, (HZ
PIFEEAN— € R/ANHIR]. 2 Z R BE T8 E bRt R
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//r Theacon (T, y)dzdy

(26)
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// Ibeacon x 'Y dxdy
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JE AR 658 73 A5 T AR IR

Ibeacon(xv y) = TOSDI(J:’ y)hv/L27 (27)

b, o A—AETFIREE. BER (15) AT (19)
XM R, R 15 2O E IR RO

Bk
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I(z,y) RABOGGERA RS EJER 7340, BIAE
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T HE 5, ¥ S e e

R, =2 Y2100 [ 3 10)

R4 (29) X, M CLAP 8RO AL i 2
KAHEZEWIE5E 040, ARG THE HV5/7, Green-
wood A ModHV = K T fit#i s T Jelonek S5 A1
Shi [5G BE Fr B BE D OGBEA 242 100 K,
SN JE BCEIME (average effective radius), 3R18 124>
Bl o Ho oy aRoR, SR JE X B kAT 46 (E
WA, W 8 R,

EH B8 B v B 45 T LLE H, 7E Jelonek
S M Shi 825G ) AR =Bl O A B R BV AR
) 45 B 't~ 35 R A Bl R S AR I AR A A
s/ME I, 7EHV5 /7 Km0 /M H
BAE RO RS 1421015 cm 28], Greenwood I
ModHV K =0 T e ME H BLEBOL K0 0
1£20—25 cm Z[A). [k, 9T SRAFHENBHOLH
BEARIGHE, 2 KA AL R I I /N 1) D422 A A
B, 22 DK Y A 55 IR 348 3R 5 K ) 1A% 2 R ).
{HZ, T OGRS A2 5Z 21 S BrAs 0 BR A 1M 152

(28)

(29)

1.1
10 ¢ HV5/7 O Greenwood (@)
B HV5/7 - ---Greenwood
0.9 A ModHV
: 04
o ” hgodlév g 0®
o 0
& . Q-0
é 1

10 20 30 40 50 60

D/cm
1.0
‘ (b)
0.9 [ 1
¥ -
| __<>—--<>“’<>
088 ¢ ]

B
O go--0--0" <

ModHV

& orf --HV5/7
C’;’: g 0 Greenwood ¢ HV5/7
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. A M
05t ModHV P
g

~@. |

R . N -

0.4r
1.0 2.0 3.0 4.0 5.0 60
D/cm
8 (MFIRG) =R AR 8 E bR PG T 1

R RREOE K H 042 (laser launch diameter) 745
b (a) Jelonek Z5:4; (b) ShiSE4

Fig. 8. (color online) Under the three atmospheric
turbulence models the short exposure average effec-
tive radius of sodium laser beacon change with laser
launch diameters. (a) Jelonek et al. experiment; (b)

Shi experiment.

% - BRI R BRI L S 2

T - EOGBOR BB AR I, A B4R 5
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AL AR B G T H 3G .

bR 7G0T S DI, IR LA RE I R0
PR Bk B 52 3 DR BY J T B O S AR T SR A
Jelonek 45 A1 Shi 5256 HH O 1 bk v 68 B2 7o, 384 0
B 1 ns, W THE R LAS 25 2 8 L kbR Ty
WY T koS LIRS R 73 730

Pe = 3.88 x 10741,
p2 = 3.58 x 107 Ip.

4.3

(30)
(31)
23 2 W BT 2 A AN B IOR SRR 50 31
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T3 B AR B ik v
P2(1) = 1.3532 x 107 41(3). (33)
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ph/(s-W-(atoms/m?)).

DA b v B35 S W, i o B 0 Gk i g R
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WH.
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M. HEE RS PR Ona = 2.5 x 10°
atoms/cm?, K FELHET, = 0.6. MRS F %L
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6T RS REHERIESHEL T, %
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Table 5. Parameters of sodium laser beacon excited by macro-micro pulse laser.

W R R P/W 20

WOtk A/nm 589.159
F kit FWHM ™™/ ps 120
Wkt FWHM Tp /1S 1
UK E A R, /MHz 100

WO % Svl,/GHz 3.0
Wk A Ry /Hz 840
S R T B 1.1

BOGIRIRS Circular +1
WOt RS 042 D/cm 22

£6  ANEMREEBOLTHLFWHM LUK 55 A 5

Table 6. The number of return photons, FWHM and merit quantity of sodium laser beacon.

KRAMRAER  FEETHCFRME &/(ph/(m2s))  #ER FWHM/m @R Sce/ ph/(s-W-(atoms/m?))
Hv5/7 2.2655 x 107 0.54 1088
Greenwood 2.2655 x 107 0.52 1088
ModHV 2.2655 x 107 0.50 1088
. BEWT:
5 & 1) 5T FR M ESHOE A KOG ELER,

ASCAE PN BOCANE PRSI 1 Al B, 5T
P 2% Pk 2 PR PR 2 AU SO BOR A AE A ) [l
PG T H, WU T 75 -k O BOR VS B 0
ot AL B o R K/ < 0K (R R AR RS

5 TR RO R B S AR EL AT k5 DR B T
PR O W NI

2) BEN % - SR O R A K T L RE % W
SR AN IR T OO S AN i B R . Tk
R 2% Fik ek BE 75 I 2 7R 11 222 ok o B 7 B B v R
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Numerical calculation and discussion on the return
photon number of sodium laser beacon excited by a
macro-micro pulse laser”
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Abstract

Sodium laser beacon (SLB) excited by a macro-micro pulse laser with low power has the following advantages: the
return photons without fluctuations and the high merit quantity, although the laser beam propagation and the size of
SLB suffer form the atmospheric turbulence. In addition, the macro-pulse profile may influence the interaction of laser
and sodium atoms. For the macro-pulse with a Gaussian profile, it is useful to enhance the merit quantity and the
excitation probability of the SLB to increase the width of micropulse. In order to obtain more of the return photons
in the SLB, while increasing the laser power, the fine beam quality, the appropriate launch diameter, and the spectral
width of the laser etc. must be considered. Therefore, it is of practical significance for the SLB with fine characteristics

to optimize the laser parameters, the launch diameter and launch pattern.

Keywords: macro-micro pulse laser, sodium laser beacon, merit quantity, launch diameter
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