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Based on the coherence theory of diffracted optical field and the model for partially coherent beams, analytical expressions
for the cross-spectral density and the irradiance spectral density in the far zone are derived, respectively. Utilizing the
theoretical model of radiation from secondary planar sources, the physical conditions for sources generating a cosh-Gaussian
(CHG) beam are investigated. Analytical results demonstrate that the parametric conditions strongly depend on the coher-
ence property of sources. When almost coherence property is satisfied in the source plane, the conditions are the same as
those for fundamental Gaussian beams; when partial coherence or almost incoherence property is satisfied in the spatial
source plane, the conditions are the same as those for Gaussian-Schell model beams. The results also indicate that the
variance of cosine parameters has no influence on the conditions. Our results may provide potential applications for some
investigations such as the modulations of cosh-Gaussian beams and the designs of source beam parameters.
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In recent years, the quantitative description and quality con-
trol of laser beams have attracted much attention, because of
the invaluable applications to many fields such as remote
sensing, objective tracking and laser ladar. On the other hand,
experimental methods for generating some special distrib-
uted beams have been reported and have been applied in some
works, for example, optical measurements, free space opti-
cal communications, etc. Based on the Helmholtz equations,
Casperson et alt'? derived one particular solution of Hermite-
sine-Gaussian model beams, by disposing and solving the
wave equations. In the same report, they further pointed out
that this class of beam could be produced in the experimen-
tal aspect, by performing the optical systems involving a sine-
Gaussian aperture and a laser cavity’®l. Among the existing
solutions of such laser beams, the cosh-Gaussian (CHG) beam
has shown many advantages, and the flat-topped Gaussian
and hollow Gaussian beams with certain spatial intensity dis-
tributions at the output plane have been obtained by modu-
lating parameters of CHG beams™, in order to trap small
particles. Based on the second-order statistical moments of
apertured laser beams, B. Lu et al’®” studied the beam factor
of CHG beams. In free-space optical communications, the
issue that how to control the quality of laser beams in atmo-
sphere has become a hot-spot of recent researches®. In
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addition, the sources radiating highly directional lasers have
found wide applications, such as laser guidance, projective
aiming, remote sensing and free-space optical
communications. Wolf et al'” have taken detailed researches
on the topic. Subsequently, Korotkova et al""! further ex-
tended the analytical condition for generating scalar Gaussian
Schell-model beams into the one for radiating the stochastic
electromagnetic beams with arbitrary distributed polarization.
They also discussed their condition according to different
separated analytical forms. G. Wu et al'? derived the limit
condition for sources radiating electromagnetic J -correlated
Schell-model beams. In this paper, based on the radiation
model of secondary planar sources and the theory of statisti-
cal coherence of optical field, the far-field cross-spectral
density function and the radiation spectral density of CHG
beams are derived in analytical forms, respectively. Finally,
the parametric condition for generating CHG beams is
obtained.

It is assumed that a planar and secondary source is lo-
cated at the initial reference plane z=0, radiating a laser beam
which propagates towards the half plane of z>0. Here, the
planar and secondary source can be approximately regarded
as the frequently-used experimental laser source. It requires
that this laser source should involve a certain aperture, and
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its generated beam directly exits or is modulated by complex
optical systems!'”. Characteristics of the radiated beam can
be weighed by the cross-spectral density function at two
points 10121,

W(O)(pl,pz,a))z<E*(p1,a))E(p2,a))> > (1)

where w is the circular frequency of beams, p, and p, denote
the position vectors located at the source plane z=0, E is the
electric field of scalar waves, the asterisk denotes the com-
plex conjunction and the bracket represents taking the en-
semble average of the optical field. The cross-spectral den-
sity function of initial sources radiating partially coherent
CHG beams can be expressed as!'!
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where o is the waist width corresponding to the Gaussian
part, §, denotes the spatial coherence length, £, represents
the parameter related with the cosine characteristics of beams.
Eq.(2) is based on the assumption that the coherence prop-
erty of CHG beams obeys the Gaussian Schell-model
distribution. When the waist width is larger enough compared
with the wavelength A, the far-field cross-spectral density
function of light from the planar and secondary source can
be represented as!'”)

W e r,0) [Zn) J'J‘ W py.p,, 0 exp[ik(Rz—Rl)]><

RIRZ
cos, cosf,d’ p,d’ p, , 3)
where k = 27t/A is the wave number, and r, and r, denote two
position vectors in the far field.

R, :|r1 _pl|’ R, =|"z _P2|a “)

represent the distances between points at source plane S,(p,),
S,(p,) and points in the far field P(r,), P(r,), respectively. 6/
and 6, denote the radial angles between S, P, S, P, and the z
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axis, respectively. The geometrical relations of the far field
radiated from sources are depicted in Fig.1.

Source o

Fig.1 Schematic diagram for geometrical relations of the
far field radiated from a finite source

In the far-field region, the scale or distance of the propa-
gation line is larger enough compared with A4, so the factors
R and R, in Eq.(3) can be further approximated as!'”

R =n-p s, R=r,-p,5,, ()

where s, L =setse (=1, 2) denotes the projective compo-
nents of unit vectors s, and s, onto the source plane z=0.
Furthermore, the denominator part in Eq.(3) can be approxi-
mately replaced by R, ~ r, R, ~r,,0' ~ 0, and ', ~ 0,.
Based on above treatments, the cross-spectral density func-
tion of the radiated far-field can be rearranged as!'*'?!

W(“)(rlsl,rzsz, )=(2mnk) cosb, cos, x

{W (0)(_ ks, ks, ’w)exp [lk(rz —n )]}’ ©6)

nr,
where
W(O)(flﬂfzﬂa))z (21[)4 (0)(p19p2’ )
exp[—i(fl PSPy )]d2 o d? Py, (7

is called as the four-dimensional spatial Fourier transforma-
tion of cross-spectral density function W. f=f e f”e} (i=

1,2) represents the vector components in the frequency do-
main in accordance with two reference points. Substituting
Eq.(2) into Eq.(7), after tedious calculations, the four-dimen-
sional spatial Fourier transformation of W® can be expre-

ssed as
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Subsequently substituting Eq.(8) into Eq.(6) and letting
s =s,=s, after mathematical treatments, the far-field spectral
density can be represented by
=) _w® _k’cos’ 6
S (r,0)=w ") (rs,0)= —1, I X
r +
80> 25,
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Observing Eq.(9) and utilizing the inequality of cosine func-
tions

cos(4Q,0%k%s?)<1, cos(4Q,67k%s)<1, (10)

and substituting Eq.(10) into Eq.(9), it yields

SEIr w)<k2c05261 8o’ exd — i +
O S 1,2
2 2 2 2
80" 26, 20° 9,
2
exp —%sf—zazkzsi exp(2Q020'2)+
267 T 82
0
2
exp| — 1k 5 s}z,—20'2k2sf exp(29502)+
+7
20° 8
exp(4Q20 Jexp (- 202k )} . (1)

Subsequently, we mainly focus on the coherence prop-
erty at the source plane z=0, in order to obtain the parametric
condition for sources which can generate CHG beams.

When source parameters satisfy the relationship §>> o,
i.e., the coherence length is large enough compared with the
waist width at the source plane, this class of source can be
regarded as almost coherent in its spatial domain. Under this
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condition, the far-field spectral density can be further sim-
plified as

56, )< 4 YR

exp( 20k §—20'2k2s§)eXp(29020'2)+
( o’k’s! 20‘2k2sf)exp(2!2020'2)+
2k
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In the procedure of Eq.(12), a relation is utilized, which fur-
ther depends on two unit vectors

sf+sf,=|s2|=l. (13)

It is known that only when the unit vector s is in a narrow solid
angle about the z axis, the far-field spectral density S (r,®)
can have appreciable values. Comparably, when the angle
between the unit vector s and the z axis reaches a certain
magnitude, the far-field spectral density tends to zero, just in
order to ensure high directional property of radiated laser
beams. Therefore, an approximation can be made in Eq.(12):
cosf = 1. By observing the last step of derivations in Eq.
(12), it seems not hard for us to understand that in order to
generate the CHG beam in the far field, the following rela-
tion should be satisfied for source parameters
1 2

= & >>07 >>7 14
26 87'[2 ( )

When source parameters satisfy the relationship §, << o,
i.e., the coherence length is small enough compared with the
waist width at the source plane, this class of source can be
regarded as almost incoherent in its spatial domain. Under
this condition, the following approximation can be further
made to the spectral density in Eq.(11)

2
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In order to generate the CHG beam in the far-field, source
parameters should obey the following conditions simulta-
neously

2 2 1 2 1 2
k*, ———<<k’, ———<<k". 16
o 20'2k2sf_ 20%k*s? (16)

v
Eq.(16) can be further simplified by utilizing the relation
between unit vectors of Eq.(13)

2 (17
T
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It is not hard for us to conclude that deductions of Eqs.(14)
and (17) depend on the assumption that the source is almost
coherent and incoherent in its spatial domain, respectively.
Generally speaking, if only either Eq.(14) or Eq.(17) is
satisfied, the CHG beam can be generated in the far field.
Therefore, one can obtain the following equation by incor-
porations of both Eq.(14) and Eq.(17)

2
12 +L2<<47§ .
46° 9, A

(18)

Eq.(18) is the major result of this paper. Its physical mean-
ing can be explained like this: when a light source can gener-
ate a CHG beam in the far field, the waist width o and the
coherence length §, should satisfy certain analytical
conditions. The conditions incorporate solutions for two limit
cases: the source is almost coherent and incoherent.
Therefore, this condition can be applicable to either the co-
herent or partially coherent cases. Eq.(14) indicates that when
the laser source is regarded as almost coherent, conditions
for generating the CHG beam are the same as those for gen-
erating fundamental Gaussian beams!"
with Ref.[11], one can know that when the source is partially
coherent or almost incoherent, our condition is the same as

1. Comparing Eq.(18)

that for generating Gaussian Schell-model beams. Besides,
the analytical form of Eq.(18) has no relevance with the co-
sine parameter £ of the CHG beam. As a result, one can
conclude that variances of the cosine parameter £, have no
impact on the structure of our condition for generating CHG
laser beams.

In this paper, by utilizing the coherence theory of a pla-
nar and secondary source, we obtain the analytical condition
for sources generating a partially coherent cosh-Gaussian
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(CHG) beam. The particular cases related with almost co-

herent and incoherent source conditions are discussed in
detail, respectively. The cosine parameter of CHG beams
has no relevance with this condition. Results in the paper
may provide flexible approach and significance in experi-

mental modulations of CHG beams or objective detections
by utilizing CHG beams, etc.
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