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Abstract—A new generalized laser beams named Generalized 

Hermite sinh- Gaussian with special profiles is introduced. 
Partially coherent Generalized Hermite sinh- Gaussian 
(PCGHshG) and their special profiles including partially coherent 
Hermite sinh-Gaussian (PCHshG) and partially coherent higher 
order sinh-Gaussian (PChoshG) beams traviling various tissues 
mediums are presented. Received field is obtained using extended 
Huygens-Fresnel method. Through numerical simulations, we 
examine how a partially coherent model, structural constant of 
biological tissue and parameters of beam affect the output average 
intensity. The obtained findings in this study can be beneficial in 
both medical topics diagnosis and imaging. 

Index Terms—: Partially coherent Generalized Hermite sinh-
Gaussian beam; Huygens-Fresnel integral; Biological tissue.  

I. INTRODUCTION 
Recently, researchers have conducted a detailed investigation 
of beam through a medium of soft  tissue using model of power 
spectrum [1,2] and the extended Huygens-Fresnel method [3,4]. 
The interaction between light beams and biological tissue has 
captured significant attention through the last years to 
understand of developing the tissue imaging technology 
utlizing optical coherence tomography (OCT) method for 
disease diagnostics [5-7]. Investigations on the evolution 
properties of laser beam travel are tissue medium useful  to 
improve both diagnostic and imaging quality [8]. In the 
literature, many studies have reported the investigation of 
different beam intensity patterns. Since then, the impact of 
coherence of partial on beam propagation in tissue medium is 
examined. The biological tissue structure has also been 
evaluated by determining the spreading beam and received 
Gaussian-Schell model distribution [9]. Lu et al. [10] have 
examined how biological tissue affects the also anomalous 
hollow beams. Additionally,  intensity pattern of hollow 
Gaussian beam in tissue medium of biological has been 
discussed [11]. Similar observations are valid for  partially 
coherent Lommel-Gaussian, rectangular multi-Gaussian beam 
model and coherent Laguerre-Gaussian and vortex beams have 
been presented, in same tissue medium [12-16]. In addition, 
further works have been done concerning index of scintillation 
and distribution of beam intensity in tissue mediums [17,18]. 

By observing the polarization profile and spatial characteristics 
of the scattered beams, the interaction of tissue-mimicking 
phantoms with light beams has been evaluated [19].  
Moreover, Casperson and Tovar have introduced a set solution 
for the paraxial beam  named  Hermite-Sinusoidal-Gaussian 
(HSG), which describes a large variety of light beams 
propagating in complex optical systems [20,21]. The HSG 
beam allows describing a large family of light beams with 
structured intensity profiles [21,22]. In this regard, Bayraktar 
[23] has studied the received beam intensity for a partially 
coherent hyperbolic sinusoidal Gaussian in various tissue 
mediums. Additionally, generalized Hermite cosh-Gaussian 
beams as special cases for HSG beam are studied in various 
optical systems and media [24-32]. Spectral intensity of a 
pulsed chirped GHchG beam in tissue medium have been 
studied [33]. More recently, two further works have 
investigated the generalized Hermite cosh-Gaussian beam 
subject in upper dermis of human medium to discuss both 
intensity and pulsed chirped beam patterns [34-36]. Here, we 
present a new type of HSG beam as a generalized beam named 
Generalized Hermite sinh-Gaussian beam. It is of practical 
interest because its intensity distribution can be modified by 
selecting appropriate parameters of input beam.  
Present paper aims to compare the average intensity of 
PHGHshG beam with two new types of their special cases 
including partially coherent Hermite sinh-Gaussian (PCHshG) 
beam and partially coherent higher order sinh-Gaussian 
(PChoshG) beam as they propagate in tissue medium of 
biological. The distinct parameters of the laser beams in these 
classes have garnered significant attention, making them 
suitable for practical applications. However, the evolution 
behavior of the PHGHshG beam in a biological tissue has not 
been studied. Our manuscript is structured as follows. Received 
intensity formula for a PHGHshG beam is obtained utlizing the 
integral of Huygens–Fresnel method, in Section 2. Many 
numerical simulations are given in comparing the 
characteristics for PHGHshG, PCHshG and PChshG beams in 
a biological tissue under different initial conditions, in Section 
3. Finally, our results are concluded in Section 4. 

II. PROPAGATION OF PCGHSHG BEAM THROUGH 
VARIOUS BIOLOGICAL TISSUES  

The function of cross-spectral density (CSD) for partially 
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coherent PCGHshG beam in input plane described by.  
 

 , (1) 
where the position vectors at the initial plane are r1=(x1, y1) 
and r2=(x2, y2), ω_0 refers to radius of waist, n represents beam 
order, l indicate hollowness parameter and Hj (.) denotes the jth 
order of the Hermite polynomials (j=m and u). A0 is amplitude 
of field, Ω represents the decentered parameters related to the 

and  is the coherence parameter.  
The term   can be expressed as [40]. 

 

  ,(2) 

where indicates the binomial coefficient and  . 
Fig. 1 schematizes the system that represents the behavior of 
light beam in a medium of biological tissue. 

 

 
Figure 1: Laser beam traviling biological tissue. 

 
Utilizing Huygens-Fresnel integral pricipale in calculating 
formula for a beam intensity propagating in medium of tissue 
as follows [38]. 

  (3) 
 
where is position vector in output plane, z denotes 
distance of propagation, and * indicates the ensemble average 
and the complex conjugate, and refers to the wave 
number with  is the wavelength of the beam.  
  is solution of  Rytov describing random part and phase 
perturbation for phase fluctuations induced by the turbulent 
biological tissue. The ensemble average term in Eq. (3), can be 
expressed as [38]. 

 , 
(4) 

The length of coherence  for wave in biological tissue 
medium in [38] is given by, 

 

,  (5) 

with   indicates the refractive-index structure in tissue of 
biological and described by 

  , (6) 

where  is the variance of refractive index,  being the 
parameter of the outer scale related to the size of refractive 
index  and is the parameter described of the tissue fractal 
dimension.    
Substituting Eqs. (2) and (4) into Eq. (3), and using following 
formulae [37, 39]. 

 

, (7) 

, (8) 
And  

, (9) 
After some processes calculations, intensity formula for 
PCGHshG in tissue medium is given by 

 

(10) 
 
Where 

(11a) 
 

 (11b) 
 

  (11c) 
 

 (11d) 
 

 (11e) 
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 (11f) 
 

 (11g) 
 

And  

 (11h) 
 

With  

  (11i) 
Eq. (10) is the main theoretical result that describes the behavior 
of PCGHshG beam in biological tissues. We will illustrate the 
numerical results of light beam distributions passing through 
biological tissues, in the coming Section. 

III. RESULTS AND DISCUSSION  
In this part, evolution properties of different partially coherent 
models including PCGHshG, PCHshG and PChoshG beams in 
different medium of biological tissues are simulated 
numerically.  Parameters are chosen as:  

   and  
Figs. (2-4) investigates the (1D) and (3D) normalized average 
intensity to describe the influences of the spreading of the 
PHGHshG, PCHshG (Fig. 2), and PChoshG (Fig. 3) beams on 
different mediums of biological tissues, specifically the 

intestinal epithelium of a mouse, (Fig. 2), 
deep dermis of a mouse (Fig. 3), and upper 

dermis of a human (Fig. 4), for various 
propagation distances. From the plots, it can be seen that the 
PHGHshG, the PCHshG and the PChoshG beams traveling 
various mediums of biological tissues can maintain almost its 
original intensity pattern in the initial plane (see the first 
column). The PHGHshG and the PCHshG profiles are four 
petal lobes structure with a dark central region. It is also 
observed a slight increase of the inter-lobes space for the 
PHGHshG compared to the PCHshG pattern. While the 
PChoshG beam is a solid pattern with the maximum central 
intensity. Upon propagation, PCGHshG and PCHsHG beams 
will change their original intensity pattern into flat-topped and 
Gaussian profiles, but the PChoshG beam can expand while still 
preserving their Gaussian-distribution profile for all tissues 
mediums.  
On the other hand, the curves show that, as the  increases, the 
average intensity distribution rises more quickly. For the 
PHGHshG and the PCHshG beams, the increase of parameter 

 leads to the increase of the speed of the central peak. 
Additionally, for various biological tissues, PCHshG beam 
spreads fast during propagation and loses its original dark 
hollow center (or four-petal profile) more rapidly (see the 

second column) than in the PHGHshG pattern. This means that 
the PCGHshG beam demonstrates greater resistance against 
biological tissue turbulence. 
Consequently, It can be seen that for both PHGHshG and 
PCHshG patterns, the speed of rise for the peak intensity center 

is slower with smaller ,this observation for smaller 

parameter  can keep its dark center (or four-petal profile) 

better than the one with larger parameter (upper dermis of a 
human). 
It is evident that the considered beams can demonstrate a greater 
resistance against in turbulence of mouse tissue . One also can 
conclude that for the human upper dermis medium, the 
produced beam spread more rapidly compared to other 
mediums. Results also reveal that the beam quality depends on 
the biological tissue medium. 
Effect of decentered parameter Ω on average intensity for three 
distributions including PCGHshG, PCHshG and PChoshG 
beams passing in two tissues mediums is illustrated in Figs. 5 
and 6 at the near and far fields.  
Iintensity shape at various biological tissues is significantly 
influenced by the beam parameter Ω. From plots, in the near 
field (z=2µm), one can observe the beams distributions 
propagating in both mediums of biological tissues, including 
the intestinal epithelium of a mouse (Fig. 5 a-b) and the upper 
dermis of a human (Fig. 6a-b), maintaining almost their original 
intensity patterns. Then, in the far-field, the beams with a small 
Ω configuration gradually lose their original central dark spot 
and transform in a Gaussian profile. 
On other hand, beams with a large Ω configuration slowly lose 
their initial dark hollow center distribution during the 
transmission process and transform into a flat-topped 
distribution in the far field. It is also found from Figs. 5 and 6 
that, the profiles in upper dermis of human will cause faster 
spreading than in the intestinal epithelium of mouse medium. 
The coherence length σ0 effect on beam intensity for three 
distributions including PCGHshG, PCHshG and PCHhoshG 
beams in two types tissues is presented in Figs. 7 and 8, for near 
and far fields. For near distance (z=2µm) It can be seen from 
the plots that the considered beams with smaller σ0 spreads fast 
during propagation and lose its original central dark region 
more quickly (see the first row) compared to the one with large 
σ0 (see the second row). It is also found that, beams with all 
settings will transform into similar distribution of Gaussian 
beam in far plane.  
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Figure 2: Normalized intensity for (a, b , c , d) PCGHshG (e, f, g, h) 

PCHshG 
and (i, j, k l) PChoshG beams propagating in biological tissue for 

at (a, e, i) z=0  (b, f, j) z=5µm (c, g, k) z=8µm and (d, h, l) z=10µm. 
 
 

 

 

 

 

 

 
Figure 3: Normalized intensity for (a, b , c , d) PCGHshG (e, f, g, h) 

PCHshG 
and (i, j, k l) PChoshG beams propagating in biological tissue for 

at  (a, e, i) z=0  (b, f, j) z=5µm (c, g, k) z=8µm and (d, h, l) z=10µm. 
 

 

 

 

 

 

 
Figure 4: Normalized intensity for (a, b , c , d) PCGHshG (e, f, g, h) 

PCHshG 
and (i, j, k l) PChoshG beams propagating in biological tissue for 

at  (a, e, i) z=0  (b, f, j) z=5µm (c, g, k) z=8µm and (d, h, l) z=10µm. 

 
Figure 5: Normalized intensity of (a, d) PCGHshG (b, e) PCHshG and (c, 

f) PChoshG beams 
in biological tissue for   and various Ω 

at (a, b, c) near-field (z=2µm) and (d, e, f) and far-field (z=10µm). 

 
Figure 6: Normalized intensity of (a, d) PCGHshG (b, e) PCHshG and (c, 

f) PChoshG beams 
in biological tissue for   and various Ω 

at (a, b, c) near-field (z=2µm) and (d, e, f) far-field (z=10µm). 
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Figure 7: Normalized intensity of  (a, d) PCGHshGB (b, e) PCHshGB and 

(c, f) PChshGB 
propagating in biological tissues at near field z=2µm for two different 

spatial coherence length 

(a, b, c)   and (d, e, f)  . 
 
 

 
Figure 8: Normalized intensity of (a,d) PCGHshGB (b,e) PCHshGB and 

(c,f) PChshGB beams 
propagating in biological tissues at far-field z=10µm 

for two different spatial coherence length (a, b, c)  and (d, e, f)
   

 
One can note that PCHshG beam in the tissue medium exhibits 
similar propagation behavior to that of the PCGHshG beam, 
and it spreads faster than the latter distribution. The PCGHshG 
beam resists more against turbulence of biological tissues 
compares to the other beam distributions. One can also see from 

the plots that the increase of the parameter  leads to the raise 
speed of the central peak profile rapidly. 

CONCLUSION 
In this paper, a novel light beam named Generalized hermite 
sinh-Gaussian has intoduced. An analytical formula of 
PCGHshG beam travileng various biological tissues mediums 
of is obtained utilizing Huygens-Fresnel integral. The behavior 
of PCGHshG beam and their special cases including PCHshG 
and PChoshG beams through various biological tissues are 
discussed. Intensity properties in biological tissues are 
illustrated.  Our results show that evolution properties of the 
considered beams passing through in three tissues medium 
including, intestinal epithelium, deep dermis of mouse and 
upper dermis of human are determined by both parameters of 
initial beam and biological tissue system. Received intensity 
distribution is occurs faster in the medium of human upper 

dermis. Our findings can be beneficial in medical imaging and 
medical diagnosis.  
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