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Influence of the Degree of Polarization on Beam Wander of Partially
Coherent Laguerre-Gaussian-Schell Model Beam

Dai Wen Wu Guohua

School of Electronic Engineering, Beijing University of Posts and

Telecommunications, Beijing 100876, China

Abstract Influence of the degree of polarization on beam wander of partially coherent Laguerre-Gaussian-Schell
model (LGSM) beams propagating in a turbulence atmosphere is investigated. Based on the cross-spectral density
function and the extended Huygens-Fresnel integral principle, the expression for beam width and beam wander of
partially coherent LGSM beams in theory is developed. In different transmission distances, turbulence strength and
coherence length, influence of the degree of polarization on beam wander of partially coherent LGSM beams is
illustrated numerically. The numerical results show that beam wander of a LGSM beam with larger degree of
polarization and less coherent length is smaller. Therefore, in free-space optical (FSO) communication, we can
choose beams with larger degree of polarization and smaller coherent length to reduce the beam wander.
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1 Introduction
In recent years, the interest in free-space optical (FSO) communication has increased due to its high

security, high bandwidth, potential high-rate data capacity, high ability of resistant to electromagnetic

[1.2]

interference, and low power requirements However, the transmission of laser beam in atmosphere is

affected by atmospheric turbulence, which generates a series of turbulence effects, such as intensity

scintillation, beam spreading, beam wander and spot shake'**"'. These turbulence effects influence the

transmission of optical signal, especially the transmission of optical signals can be interrupted by beam
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wander, which limits the performance of FSO communication system. Since Wu ez al. ' demonstrated
that the effect of atmospheric turbulence on partially coherent beam is less than that on the completely
coherent beam, more and more attention is being paid to partially coherent beams. This paper presents the
analysis of the beam wander of partially coherent Laguerre-Gaussian-Schell model (LGSM) beams.

Beam wander refers to the random displacement of the center of a laser beam in the receiver plane, and it
can be represented statistically by the variance of transverse displacement”. In the past years, beam
wander has been studied widely. Yu et al. " studied the beam wander of electromagnetic Gaussian-Schell

U7 studied the beam wander of airy beam

model beams propagating in atmospheric turbulence. Wen ez al.
with a spiral phase. Ke et al.™ investrgated spreading and wander of partially coherent beam propagating
along a horizontal-path in the atmospheric turbulence. Aksenov et al.™™ reported random wandering of
laser beams with orbital angular momentum during propagation through atmospheric turbulence. They
found that LGSM beam has less beam wander than modified Bessel-Gaussian beam and hypergeometric
Gaussian beam. So far, the research of beam wander of LGSM beams is relatively less. Therefore, we
study the beam wander of LGSM beams, and mainly focus on the influence of the degree of polarization on
beam wander of partially coherent LGSM beam.

We consider the effect of degree of polarization on beam wander under different transmission distances,
turbulence strength and coherence length conditions, give the theoretical derivation and numerical

simulation of the beam wander of partially coherent LGSM beams, and summarize the achievements in this

paper.

2 Theoretical description and numerical simulation of beam wander

We derive the formula of beam wander of partially coherent LGSM beams in theory, and illustrate the
effect of degree of polarization on beam wander by simulating.
2.1 Formulation calculation

The second-order coherence and polarization properties of the beam propagating through atmospheric
[20]

turbulence can be characterized by the 2 X 2 cross-spectral density matrix The cross-spectral density

matrix of a LGSM beam at the source plane =0 is expressed as

W (s1:8:0,0) W, (s1,58:,0,0)
W(slyszvo’a)): [ }’ (1)
Wyl»(sl s 8 9076()) Wyy(sl s 82 9076())
where
W,’j (sl s 89 aOyCl)) — <E,* (S1 9076{))E]‘(52 ’Oaa))>(l’] - Iay) ) (2)

where E, and E, are two electric-field components, * and ¢ » ) denote the complex conjugate and
ensemble average, respectively, s, and s, are the position vectors at the source plane 2 =0, w is the
frequency and can be omitted for brevity in the following. In order to simplify the analysis, we assume that
the electric fields E, and E, are perpendicular to each other, namely W,, =W, =0, Eq. (1) can be

rewritten as™'®

W, (s148,,0) 0
W(S1,5270) - |: :|. (3)
O Wyy(SI 782 90)
The element of a LGSM beam in Eq. (3) is expressed as/?!
_ ST st (s —8)” G (sy —85)°
Wl‘j(slgs;z 70) —A,‘AJB,‘] Xexp[ wé 26[‘; :|>< L”[ Zé\[z] :|9 (4)

where A, and A, are the amplitudes of the electric field-vector component, w, is the transverse beam

width, §; is the coherent length, 7 is the radial index, L, represents the Laguerre polynomial of mode n
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and 0, B; denotes correlation coefficient, and B; = {1 .
i=j

Based on the extended Huygens-Fresnel integral principle, the cross-spectral density {unction W, (r .1,

z) at the receiver plane can be expressed as’

W, (rror ) = AALB, (2 Xﬂd’sIJ &5, X W, (51 252.0) X

eXp[*ész(Sl —r)? +§(Sz *rz)z}x Cexpl¢(si»r) +¢" (5251 ]) s (5)

where £=2x/) is the wavenumber, A is the wavelength, r, and r, are the position vectors at the receiver

plane, the expression in the angular brackets is

)2 N —r N2
Cexplp(sivr) +¢° (s20r) D) :exp[_(sl 2sz) (81 —s) 2(rl r;)  (n ng) ] 6)

Qo Qo Qo
where g, (z) = (0. 55C%k%2) 5 is the coherence length of a spherical wave propagating through

turbulence, C? represents the refractive index structure parameter describing the strength of atmospheric

turbulence. Substituting Eqs. (4) and (6) into Eq. (5), we can obtain

2 . . 2
W, (ri.r.2) = Ai"Asz";k ><exp[—£(rf—r§)—7(rl 2r2) }X
4n 2z 05
(81 Sz) /3 ry —r,
d’sﬂd’&xL?[ }Xex [ — = \e+ $i 45 (L — }x
. ik r—n 1 1 .
exp[ 5. (L pZ )— (zaz )<s1 5,7 } 7

For the convenience of integration, we set

:¥a5(| = 8§ — 8. (8)

Equation (7) is reduced to

AA B,k ik
B ol

712
Wi lrior,2) = =55 Xex —(r%—&f%k

Az 2z
— o (S ik NN nr 2
ﬂexp[ 25” +1 St 6) d]x L,,(Z&)Xexp{[zz(h o=t }sd}d 54 ¥
jjcxp{*%+s[* K»9(1"_&(’”1 *rz):|}d2s, 9
2w z z
After integrationover s, we find
AI‘A Bz’]kz i 9 9 /32 2 1
W,(ri.r,2) = W X exp[—é—i(m —ri)— ( 8320 eriZ) (ri—r, )Z}X
Jless [ (33 28 o~ C L”<251 )
2 2
exp{[ (r+r) 12T +k W, —m}s[,}dzsd. (10)
‘00 4z
22
If we set a; = —|— -+ k ZZO , when r,=r,=r=./r.++, Eq. (10) is reduced to
2 0y ‘oﬂ Zw() 8z
7A,-A]B,-]k2 | 2 K . 0 2
W, (roe) = S xﬂexp( aysi+ d)>< L,,(Zaz )d Sa. (1)
Taking n=2, through calculation, we can find
_ AA B R w; kY
WI_,»(I’,Z) = WXGXP( 461,_,22>><
krt k? k? ) 1
- cy (11— -
[128613243;} - (4a5228; 8al 2?5} )r T ( a;0% +4a,2,»6‘;1,» )] (12
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Therefore, we obtain the average intensity of a LGSM beam in the out plane;

[(ra) = W (rae) W, (roe) = £ 80A exp(— K )><
> 8a,.z da..z
Rt /% B 1 1 Pt Al
J— 2 1 _ ; 0 Yy
[12861.1.1-21811-T (4af-,l-z28f-.z- 8as.z" 0 )r * ( .. 0% + 4a%.8% H+ 8a,,z” ~
e Er k? p? , 1 1

J— — 1 .

exp< 4“3‘_}'22 ) [128(1;}‘2"1 8‘;}‘ (4a§'}’z28§’y 8“?’}"2’28:1’3‘ >r _'_ ( a}’}’gi}‘ + 4a§'}‘8§'}’ )}‘ (13)

We obtain the long-term beam width W (2) in the presence of turbulence, which is the radius of the

long term spot caused by the movement of the short-term beam over a long time period,

of[r 1]

Wih(z) = |=—| . (14
J I(r,2)d*r

Substituting Eq. (14) into Eq. (15), we obtain

Cr82A(Ya,, 1) F8PANa, F 1T
Wi (o) = | AT T ERAT ] (15)
The degree of polarization P of the sources can be expressed as
_ AL —AY
P = AL AL (16)
The beam wander of LGSM beams can be expressed as

L .\ 2 1

) = 7.250°C (1= £ ) Wi () P de, an
0 -

where L is the total propagation path length, z is the distance of an intercept point from the input plane at
2=0. It is shown that the beam wander of LGSM beams varies with changes in refractive index structure
constant, long-term beam width, and the propagation distance.
2.2 Numerical simulation

According to Eq. (17), we simulate the beam wander of partially coherent LGSM beams under some
different conditions. We focus on the normalized and dimensionless quantity B, = {(r*) /Wi, which is more
informative than merely (r?) about the practical significance of the wandering.

The normalized and dimensionless quantity B, of partially coherent LGSM beams as a function of C? for
different degrees of polarization is plotted in Fig. 1. The parameters are L=10 km,w, =0. 02 m, §,, =
0.02 m, §,,=0.05 m, and A=632 nm. On the one hand, it is shown that the beam wander decreases with

1 _1+P

increasing the degree of polarization. The effective coherent length §5 meets the formula ) 557 +
P r
1—P . . . T
o when 6., <(8,, » the increase of P would give rise to a larger beam width*""*. From Eq. (17), we can
2y

know that the beam wander is inversely proportional to the beam width. Consequently, the beam wander
decreases with increasing P.

On the other hand, one can find that the beam wander increases with increasing the turbulence strength
when the turbulence is weak. But the beam wander decreases with increasing the turbulence strength when
the turbulence is strong, and it reaches the maximum value at the moderate turbulence. Because in the
region of weak turbulence, the beam broadening is almost unaffected by turbulence, the probability of the
beam deflected by large-scale turbulence eddies increases with increasing turbulence strength. While in the
region of strong turbulence, the scattering effect of turbulence greatly aggravates the beam broadening,
which reduces the probability of thebeam refraction"’.

Figure 2 plots the beam wander of partially coherent LGSM beams as a function of the degree of
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polarization P under three different coherent conditions. Here, §,, =0.01 m, C:=10"" m %"

and the rest
of the parameters are the same as those in Fig. 1. It is shown that the partially coherent LGSM beam with
smaller coherence length generates less beam wander. Because beam width increases with decreasing the

(101 " the beam wander decreases

coherence length when the beam propagates in the atmospheric turbulence
with decreasing coherent length, When §,, =34,,, the effective coherent length §7 has nothing with the
degree of polarization, then beam wander is no longer affected by the degree of polarization. In addition,

one can find that beam wander decreases with increasing the degree of polarization P.
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Fig. 1 Dimensionless quantity B, as a function of C: for different degrees of polarization P
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Fig. 2 Dimensionless quantity B, as a function of the degree of polarization P for different coherent lengths §,,

Beam wander of partially coherent LGSM beams as a function of propagation distance under three
different degrees of polarization conditions is plotted in Fig. 3. The parameters are the same as those in
Fig. 1. It is shown that the beam wander increases with increasing the propagation distance, whatever the
values of the degree of polarization. Because, for a certain beam divergence angle, the width between the
two lines would increase as the distance increases. We can also find that the degree of polarization is

larger, the beam wander is smaller.
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Fig. 3 Dimensionless quantity B, as a function of propagation distance L for different degrees of polarization P
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Conclusion

We derive the expression of beam wander for the partially coherent LGSM beams in theory, and study

the effect of degree of polarization on beam wander under different transmission distances, turbulence

strength and coherence length conditions by simulating. It is found that the beam wander can be reduced

by increasing degree of polarization and decreasing coherence length, which will be useful in FSO

communication.
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