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Abstract— Analytical expression for a partially coherent 

General Model vortex higher-order cosh-Gaussian beam 
(PCGMvHchGB) propagating in biological tissue medium is 
derived using extended Huygens-Fresnel method. Propagation 
characteristics of the PCGMvHchGB passing through biological 
tissue are discussed by some numerical results. The results indicate 
that the the PCGMvHchGB evolution is highly dependent on 
source beam parameters, including the spatial correlation length, 
decentered cosh and hollowness parameters, wavelength and 
orders of beam. Notably, the PCGMvHchGB in biological tissue 
transitions into a Gaussian beam more rapidly with smaller source 
parameters and further increasing propagation distance. This 
observation suggests that the resistance of PCGMvHchGB against 
turbulence is augmented with larger beam parameters. The 
significance of our findings lies in their potential applications in 
imaging technologies and bio-optical disease diagnosis. 

Index Terms— Extended Huygens-Fresnel method; Partially 
coherent General Model vortex higher-order cosh-Gaussian 
beam; Biological tissue. 

I. INTRODUCTION 
In recent years, there has been a growing fascination with 
exploring the propagation properties of light beams in various 
optical mediums. This heightened interest stems from the 
extensive applications of laser technology in information 
encoding, optical communication and lattice spectroscopy [1-
7]. Numerous scientists, including our research group members, 
which have conducted comprehensive works in this domain [8-
16]. The evolution of technological imaging in medium of 
biological tissue using optical coherence tomography (OCT) 
method for disease diagnostics [17, 18], has brought to study 
the beam propagation in tissue mediums in detail [19-28] to the 
forefront of scientific inquiry. Biological tissue, a complex 
system characterized by strong light scattering due to spatial 
fluctuations in its refractive index, has become a subject of 
paramount importance. Schmitt and Kumar [29] investigated 
the statistical characteristics of refractive-index in medium of 
biological tissue, revealing spatial correlations akin to those 
induced in turbulent atmosphere.  
On the other hand, the biological environment is recognized for 
its diverse the components of tissue which pose challenges to 
the transmission of optical signals. Many studies have shown 

that certain laser beams exhibit a reduced susceptibility to 
deterioration caused by turbulence. Vortex beams represent a 
specific category demonstrating such characteristics. Extensive 
research has been conducted the properties of various light 
beams, including stochastic electromagnetic vortex beams [19], 
anomalous hollow Gaussian beams [20], and both distributions 
of hollow Gaussian profiles[21], through turbulent biological 
tissues. Notably, Ebrahim and Belafhal have recently been 
presently partially Laguerre-Gaussian beams [22]. 
Furthermore, tow further works have been focused on the 
evolution study of hollow higher-order cosh-Gaussian beam 
and Generalized Hermite cosh-Gaussian beam in tissue medium 
named human upper dermis [29, 30]. 
Introducing a novel beam model, the GMvHchGB, Ebrahim et 
al. [31] presented a distinctive addition to the scientific 
discourse. Unlike the standard Gaussian beam, the GMvHchGB 
features two crucial parameters: the topological charge l and the 
decentered cosh. The vortex charge associated orbital angular 
momentum with the beam induces spiraling wave fronts. By 
selecting specific values for the decentered parameter and l, the 
GMvHchGB can be simplified to their special beams. 
Investigation of the characteristics of the GMvHchGB in a 
atmospheric turbulence revealed intriguing transformations, 
particularly in high turbulence conditions. Furthermore, the 
study extended to maritime turbulence, as explored by Chib et 
al. [32], and the impact on spectral intensity in the presence of 
human upper dermis tissue, as examined by Benzehoua et al. 
[33, 34]. Remarkably, there has been a notable absence of prior 
investigations into the behavior of PCGMvHchGB when 
traversing turbulent biological tissues. Hence, this paper aims 
to fill this research gap by studying the properties of 
PCGMvHchGB in biological tissues. The remainder of the 
paper is organized as follows. The theoretical model of 
PCGMvHchGB in turbulent biological tissues is calculated in 
Section 2. The beam evolutions in turbulent biological tissues 
are performed in Section 3.  Finally, we conclude our results in 
Section 4. 
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II. PROPAGATION OF PCGMVHCHGB THROUGH THE 
TURBULENT BIOLOGICAL TISSUES  

The cross-spectral density function of a PCGMvHchGB in the 
source plane (z=0) can be written as  

 
where the asterisk symbol * refer to the complex conjugation, 

 (i=1 or 2) indicates the electric field associated with 
a fully coherent GMvHchGB [31], which is given as 

 
where  is the position vector at the source plane, 

with (x0, y0) are the transverse coordinates,  refers to the 
amplitude of the input field, l being the topological charge of 
the beam, N is the beam order,  is the parameter of the 
decentered cosh part, w0 is the Gaussian waist radius.  

 indicates the degree of coherence of a Schell 
model source  

 
where ó0 is the length of the spatial coherence at the input 
plane. By using the series transformation and Euler expansion 
[31], the input field in Eq. (1), can be re-written as 

 
 

where , and , with .  
Let us now consider a biological tissue illuminated by laser 
beam. The physical model is given in Fig. 1. 

 
Figure 1: Schematic representation for a partially coherent beam in a 

biological tissue medium. 
 

Based on the extended Huygens–Fresnel principle, the 
average intensity of a PCGMvHchGB traveling in a turbulent 
biological tissues at the plane z can be expressed as [36] 

 

 

where  denotes the position vector at the received plane. 
 indicates the random part related to a spherical wave at 

both source and output planes.  refers to wavenumber of 
the beam with wavelength ë.  and  indicates the ensemble 
average and the complex conjugate, and  represents 
an elementary area at input plane.  
Based on theory of Rytov, the term of an ensemble average is 
described as [36] 

 
where the coherence length of a spherical wave in medium of 

turbulent tissue is given by  with 

  
where the  being a constant parameter in tissue medium 

named a refractive index structure. with  is the ensemble 

represent the refractive index variance,  means the outer 

scale of the size of refractive index and  is the tissue 
dimension fractal.  
By using the following identities [35,37] 

 
where  indicates the Hermite polynomial of n order, 
Substituting Eqs. (4) and (6) into Eq. (5), the result formula of 
received intensity distribution for a PCGMvHchGB in turbulent 
biological tissues as follows 

 
 
The parameters presented in the last equation are defined as 



5th International Conference on Biomedical and Health Sciences, (CIC-BIOHS’2024)         295 
 

DOI: http://doi.org/10.24086/biohs2024/paper.1302 

 
And 

 
In coming section, according to the above theoretical result, 
numerical examples are simulated to discuss the properties of 
PCGMvHchGB in both different mediums of biological tissues 
including mouse focusing on intestinal epithelium and deep 
dermis of mouse. 

III. NUMERICAL RESULTS 
Based on the analytical formula derived by Eq. (12), numerous 
numerical simulations conducted to elucidate the properties of 
the PCGMvHchGB in turbulent biological tissue, considering 
variations in the associated parameters. The parameters are 

chosen as: , , , 

, ,  l=1 and N=1. 
Fig. 2 illustrates the varied configurations of the 
PCGMvHchGB in tow different tissues mediums for various 
beam orders. The consistent effect of N is observed in both 
mediums of tissues including deep dermis of mouse 

 and the human upper dermis 

 (Schmitt and Kumar, 1996). The average 
intensity exhibits a dark spot center of zero intensity, that 
becomes larger with increasing N. At z=6.5 µm, the distribution 
of the intensity of the PCGMvHchGB will change into a 
Gaussian profile. With further increases N (N=3), the 
PCGMvHchGB takes a flattened shape. A comparison between 
Fig. 2-A and Fig. 2-B reveals that the propagation behavior of 
the PCGMvHchGB within the deep dermis of mouse will 
evolve into a Gaussian beam. One can also observe that the 
PCGMvHchGB within biological tissues demonstrates 
enhanced resilience against turbulence when N is larger. 
The average intensity of PCGMvHchGB in biological tissues 
for various topological charge l at several distances of 
propagation is presented in Fig. 3. The curves of this figure 
reveal that PCGMvHchGB keeps its original pattern for some 
distance of propagation. As the propagation distance increases, 
the beam profile changes gradually into a flat-topped shape and 
will take a Gaussian pattern at the far-field. The 
PCGMvHchGB evolution into a Gaussian profile can be 

demonstrated that, in the far field, the received intensity 
undergoes a transition into completely incoherent light because 
of the impact of the tissue medium [38]. 

 
Figure 2: (Color online) Normalized intensity of PCGMvHchGB for two types 

of tissues and different beam orders N with (A) and (B) 

. 
 
It is evident that the topological charge l in the PCGMvHchGB 
model plays a critical role in influencing performance in 
conditions of biological tissue medium. Results suggest that a 
larger l imparts a higher ability to resistance the tissues 
conditions. 

 
Figure 3: The normalized intensity of PCGMvHchGB during its propagation 
in turbulent biological tissue for various values of propagation distances with 

(a) and (b) . 
Fig. 4 demonstrates how the beam parameter influences the 
average intensity of PCGMvHchGB in tissue medium. The 
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similar behavior of the hollow beam profile shows when beam 
parameters are increased. 

 
Figure 4: Evolution of the normalized intensity of PCGMvHchGB during its 
propagation in turbulent biological tissue for various values of and at two 

propagation distances with (a) and (b) . 
 
One can also show from the plots that beam with smaller 
parameters, the Gaussian profile region becomes larger as 
increasing the distance of PCGMvHchGB propagation in 
turbulent biological tissue.  
In Fig. 5, the normalized intensity of PCGMvHchGB is 
illustrated for some values of wavelengths at different 
distances. Based on the observations in Fig. 5, one can infer that 
with increasing distance in biological tissue, the average 
intensity undergoes a hollow spot pattern to a flat-topped 
profile, and culminating in a Gaussian distribution. 
Furthermore, it is noteworthy that the distribution of beam 
evolution with a larger propagation distance and a smaller 
wavelength can be observed to occur more rapidly. 

 
Figure 5: Normalized intensity of PCGMvHchGB for various wavelengths 

and two propagation distances. 

 
To demonstrate the spatial correlation length effect on the 
PCGMvHchGB in biological tissue medium,  numerical 
discussions are presented in Fig. 6 at various spatial correlation 

length: (a) and (b) . As depicted in Fig. 
6(a)-(b), Based on conditions of beam parameters at different 
distances z, the distribution of intensity pattern of the 
PCGMvHchGB undergoes transforms throughout the 
propagation, regardless of the length of spatial correlation. It is 
observed that the beam initially possesses a central dark hollow 
pattern that diminishes during their propagation through 
turbulent biological tissue, transforming into a Gaussian profile, 
accompanied by a decrease in the maximum peak intensity. It 
is noteworthy that the beam with smaller spatial correlation 
length, diffracted beam pattern undergoes rapid changes, i.e., 
over a shorter distance of propagation. 

 
Figure 6: Normalized intensity of PCGMvHchGB for two propagation 

distances and (a)  and (b) . 
 

CONCLUSION 
We have presented the properties of PCGMvHchGB through 
turbulent biological tissue, specifically the upper dermis of 
human. Utilizing the Huygens-Fresnel diffraction integral, we 
derive the field expression and investigate the distribution of 
intensity for the PCGMvHchGB through numerical examples. 
The analysis considers the influence of both turbulent 
conditions in the biological tissue and various source beam 
parameters, such as the spatial correlation length, hollowness 
and decentered cosh parameters, wavelength and orders of 
beam. The obtained results  underscore the sensitivity of the 
received intensity distribution to the source beam parameters. 
Notably, when the increase distance, the PCGMvHchGB with 
parameters are smaller in the biological tissue transitions into a 
Gaussian beam more rapidly. This observation implies an 
increased resistance of the PCGMvHchGB against turbulence 
with a higher source parameter..  
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