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This paper studies the focusing properties of Gaussian Schell-model (GSM) beams by an astigmatic aperture lens.

It is shown that the axial irradiance distribution, the maximum axial irradiance and its position of focused GSM beams

by an astigmatic aperture lens depend upon the astigmatism of the lens, the coherence of partially coherent light, the

truncation parameter of the aperture and Fresnel number. The numerical calculation results are given to illustrate how

these parameters affect the focusing property.
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1. Introduction

Laser beam focusing is encountered in many ap-
plications, and has been widely investigated.[!] In the
past several years, focusing properties of partially co-
herent beams have attracted much attention because
of unique characteristics.2~12 However, most of the
research works have been performed on the assump-
tion that the focusing lens has no aberration; few
works have been concerned with the influence of spher-
ical aberration on the focusing properties.[>7) It has
been demonstrated that the spherical aberration of the
lens influences the focusing properties of partially co-
herent beams: i.e., the focusing properties of partially
coherent beams may take place appreciable changes
comparing with aberration-free case. In a practical
case, a simple lens has aberration, especially phase
aberrations. This paper is aimed at studying the
focusing properties of Gaussian Schell-model (GSM)
beams by an astigmatic aperture lens. The influence
of coherence of partially coherent light, truncation pa-
rameter of the aperture, astigmatism of the lens and
Fresnel number on the axial irradiance distribution
of the focused field is studied. In Section 2, based
on the propagation law of partially coherent beams,
a theoretical model for GSM beams passing through
the aperture lens is presented, where the effect of the
astigmatism of the lens is considered. Detailed numer-

ical calculations and analyses are given in Section 3.
Finally, a brief summary of the main results concludes
this paper.

2. Theoretical model

Consider GSM beams focused by an astigmatic
aperture lens shown in Fig.1, which is located at the
z = 0 plane.
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Fig.1. Schematic illustration of GSM beams focused by
an astigmatic aperture lens.

The cross-spectral density function of GSM beams in
front of the aperture lens is expressed as [!3!
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irradiance constant,(x},y}), (¢4, y5) are transversal coordinates of two points at the z = 0 plane.

According to the propagation law of partially coherent light,314] the irradiance of GSM beams through a

paraxial optical ABCD system is given by
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where k is the wave number, (x,y) denote transversal
coordinates of a point at the z plane, and the transfer
ABCD matrix is
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where f is the focal length of the lens. In Eq.(2) the
astigmatism of the lens is considered and is charac-

, (3)

Y, 0) exp{ikCs[(2F — 25) — (yi* — )]}

[A((2F + y1) — (25 +y5)) — 2x(2) — o) — 2y(y) — yé)]} dadyjdahdyy,  (2)

y'2)],% where Cg
is the astigmatic coefficient, but other phase aberra-

terized by a term exp|—ikCg(z? —

tion can be neglected. The aperture is a square with
full width 2a and the integral is performed with re-
spect to the aperture. In the following, only the axial
(x =y = 0) irradiance is considered.

Substituting Eqgs.(1) and (3) into (2), we get the
axial irradiance
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N = Y (Fresnel number), (7)
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0= wi(truncation parameter), (8)
0
a= ﬂ(relautive coherent length), (9)
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u= x—(relative transversal coordinate in the z direction), (10)
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v=" (relative transversal coordinate in the y direction), (11)
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Az = (relative propagation distance), (12)
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erf is the error function. Equation (4) indicates that
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the axial irradiance depends on the spatial correlation
parameter «, astigmatism coefficient Cg, truncation
parameter §, Fresnel number N, and relative prop-
agation distance Az. Equation (4) does not have an
analytical solution. To show how the coherence of par-
tially coherent light, the astigmatism of the lens, trun-
cation parameter of the aperture and Fresnel number
N affect the axial irradiance in the focused field, we
perform the numerical calculations of Eq.(4).

Ce=05x10"3mm~"!

Ce=1x10"3mm™!

3. Numerical results and discus-

sions

Numerical calculations were performed by using
Eq.(4) to illustrate focusing properties of GSM beams
focused by an astigmatic aperture lens. Some typical
examples are shown in Figs.2—-6. Figure 2 gives the ax-
ial irradiance distribution I(0, Az) of GSM beams fo-
cused by an astigmatic aperture lens for different val-
ues of Fig.2(a) @ = 0.5 and § = 0.6; Fig.2(b) § = 0.6
and Cg = 0.5 x 107>mm~!; Fig.2(c) a = 0.5 and
Cs = 0.5 x 103 mm~". The other calculation param-
eters are chosen as N = 2 and f = 300 mm. As can be
seen, the axial irradiance distribution of focused GSM
beams show unsymmetrical behaviour with respect to
the geometrical focal plane, the maximum axial ir-
radiance I,x changes and the position of maximum
axial irradiance Azpyax moves toward the lens, which
depends on Cg, « and 4.
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Fig.2. The axial irradiance distribution (0, Az) of GSM beams focused by an astigmatic aperture lens: (a) o = 0.5

and § = 0.6; (b) § = 0.6 and Cg = 0.5 x 103 mm™!; (¢c) @ = 0.5 and Cg = 0.5 x 10 >mm 1.

1(0, Az) is normalized to Io.

The irradiance
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Fig.3. (a) The position of maximum axial irradiance Azmax and (b) the maximum axial irradiance Imax of GSM
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beams as a function of the astigmatism coefficient Cg. The irradiance is normalized to Ip.
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Fig.4. (a) The position of maximum axial irradiance Azmax and (b) the maximum axial irradiance Imax of GSM

beams as a function of the coherence parameter a. The irradiance is normalized to Ig.
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Fig.5. (a) The position of maximum axial irradiance Azmax and (b) the maximum axial irradiance Imax of GSM

beams as a function of the truncation parameter . The irradiance is normalized to Ip.
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Fig.6. The axial irradiance distribution (0, Az) of GSM beams focused by an astigmatic aperture lens: (a) Cs = 0;
(b) Cs = 1.5 x 10~ 3mm~'. The irradiance I(0, Az) is normalized to Io.

A qualitative description of the dependence of
the position of maximum axial irradiance Az, and
maximum axial irradiance I,,x is compiled in Figs.3—
5. In Fig.3, we plot the position of maximum ax-
ial irradiance Azmax and maximum axial irradiance
Iax as a function of the astigmatism coefficient Cyg
for different values of the spatial correlation param-
0.2,0.5,1 and 4.
parameters are chosen as N = 2, f = 300mm and
d = 0.6. From Fig.3(a), it is shown that as Cg in-
creases, Azmax moves toward the lens. From Cg = 0 to

eter « = The other calculation

0.8 x 107> mm ™!, Azpax moves toward the lens grad-
ually, then as Cg continues to increase, Az ax moves
toward the lens noticeably. From Fig.3(b), we find
that when Cg varies, for lower coherence case a = 0.2,
the smaller variation of the maximum axial irradiance
Inax with Cg is found. However, for the large coher-
ence case « = 0.5,1 and 4, the change of Cg results
in the remarkable change of the maximum axial irra-

diance [ ax.

In Fig.4, we give the position of maximum axial
irradiance Azmax and maximum axial irradiance Ipax
as a function of the coherence parameter « for differ-
ent values of the astigmatism coefficient Cs = 0, 1.0 x
102 mm~"! and 1.5 x 1072 mm~". The other calcula-
tion parameters are the same as those in Fig.3. It is
found from Fig.4(a) that as the coherence decreases,
Azmax moves toward the lens. However, when the co-
herence increases to a = 1 and continues to increase,
Azmax changes gradually. For the case of the spatially
full coherence, the position of maximum axial irradi-
ance Azmax approaches to a certain value —0.41 with

different Cg = 0,1.0 x 1073 mm~"',1.5 x 1073 mm~1.
From Fig.4(b), we find that the maximum axial irra-
diance I, increases with increasing coherence a.

In Fig.5, we plot the position of maximum ax-
ial irradiance Azmax and maximum axial irradiance
Inax as functions of the truncation parameter § for
different values of the astigmatism coefficient Cg =
0,0.5x 1073 mm~', 1.0 x 1073 mm~'. The other cal-
culation parameters are chosen as N = 2, f = 300 mm
and o = 0.5.
AZmax moves toward the lens and the maximum ax-

It is shown that, as a decreases,
ial irradiance I,.x decreases. Moreover, our calcu-
lations show that as 0 increases, and the aperture
effect can be neglected, Azpax and Ipax both be-
come nearly uniform. For example, for the case of
Ce =0,0.5x103mm~*, 1.0x 103 mm ™" in Fig.5(a),
Azmax = —0.11,—-0.25, —0.40, respectively.

The axial irradiance distribution of GSM beams
for different values of the Fresnel number N = 1(f =
600mm), 2(f = 300mm), 3(f = 200mm) and 5(f =
120mm) is plotted in Fig.6(a) Cs = 0 and Fig.6(b)
Cs = 1.5 x 1073 mm™", the other calculation param-
eters are § = 0.6 and a = 0.5. From Fig.6 we see
that the position of maximum axial irradiance Azpyax
moves toward the lens as the Fresnel number N de-
creases, and the maximum axial irradiance I,y in-
crease with increasing Fresnel number N. It is also
found that when the lens is aberration-free Cg = 0,
the position also moves toward the lens (see Fig.6(a)),
which was found in Refs.[2,7].
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4. Conclusions

In this paper the focusing properties of GSM
beams by an astigmatic aperture lens have been stud-
ied. It has been shown that the axial irradiance distri-
bution becomes unsymmetrical with respect to the ge-
ometrical focal plane, so that there exists focal shift for
the astigmatic aperture lens system in general. The
position of maximum axial irradiance Azp,ax moves to-
ward the lens with increasing astigmatism coefficient
Cs, and with decreasing the coherence «, truncation
parameter §, and Fresnel number N. The maximum
axial irradiance I,y increases with increasing the co-

herence a, truncation parameter §, and Fresnel num-

ber N, and with decreasing the astigmatism coeffi-
cient Cg. Focusing properties of GSM beams through
an aperture lens without aberration can be treated as
special cases of Cg = 0, which show similar behaviour
as those in Refs.[2,7]. Our study discusses that the po-
sition of maximum axial irradiance towards the lens in
the astigmatism case is always closer than that for the
aberration-free case, the maximum axial irradiance in
the astigmatism case is always smaller than that for
the aberration-free case. The results obtained in this
paper would be useful for the practical design and use
of the aperture lens in focusing and collimating GSM
and astigmatic GSM beams.
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