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Investigation of induced transparency in a Tamm polariton plasmon structure for sensing
applications

Shohreh Jooyandeh; Mahmoud Hosseini Farzad; Mozhdeh Janfada

Shohreh.jooyandeh@gmail.com , hosseinif@shirazu.ac.ir , mozhdeh.janfada@gmail.com

Abstract- This research examines new methods of light control using tamm plasmons and the phenomenon of induced
transparency. Tamm plasmons are surface electromagnetic waves that are created at the interface between a metal and a
one-dimensional photonic crystal, and by using them and the phenomenon of induced transparency, it is possible to
achieve precise control of the optical properties of materials. This research shows how combining these two phenomena
can be used for a sensitive refractive index sensor.

Keywords: optical sensor, photonic crystal, tamm plasmon, electromagnetically induced transparency (EIT)
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Investigating the effects of Atmospheric Turbulence on Bessel Beams

Jalil Jafai Dashkasan1,2*, Mohammad Yeganeh3, Rasoul Aalipourl, and Reza Azmoodeh Sorodi2,4
1- Department of Physics, Azarbaijan Shahid Madani University, Tabriz 5375171379, Iran
2- Iranian National Laser Center (INLC), Hashtgerd, Iran,
3- Department of Physics Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran

4- Department of Physics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran,.
j.jafaril999@gmail.com, m.yeghaneh@cfu.ac.ir, aalipour@azaruniv.ac.ir, reza.azmoodeh.s@gmail.com

Abstract: One of the most important challenges about beam propagation thorough free space is atmospheric turbulence
effects. We want to show that Bessel beams are less affected than Gaussian beams when propagating in a turbulent
atmosphere. In this experimental work, we used different types of Bessel beams for propagation in a turbulent medium.
These beams were generated using a spatial light modulator, and atmospheric turbulence was simulated in a laboratory

environment. The results clearly show that the effects of atmospheric turbulence on Bessel beams are less than those of
Gaussian beams.

Keywords: atmospheric turbulence, Bessel beam, free-space communications, singular optics.
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Investigating the effect of temperature gradient in underwater convective turbulence on angle
of arrival fluctuations of light beam propagating through it using two-channel moiré
deflectometer

Ebrahim MohammadiRazi*, Mohsen Dashti?, Masoud Mohajersoltani®
1 Faculty of physics, Department of Basic Sciences, university of Bojnord, Bojnord, Iran
2 Department of Physics, Zanjan Branch, Islamic Azad university, Zanjan, Iran

e.mohammadi@ub.ac.ir, dashti_mohsen@yahoo.com, masoud.m1350@gmail.com

Abstract- In this paper, the fluctuation of the angle of the arrival of light beam propagating through an underwater turbulent
medium is investigated using two-channel moiré deflectometer. Accordingly, A monochromatic plane wave laser beam with a
wavelength of 532 nm and a diameter of 33 mm is propagates horizontally through underwater turbulent medium. The limited
space between two horizontal parallel plates is filled with water and has dimensions of 30x20x20 cm3. The temperature gradient
in the water environment serves as a generator for optical turbulence. In experiments, the temperature gradient varied in range
of 0-16 oC. Using two-channel moiré deflectometer, the angle of arrival of light beam at various points across the beam's cross-
section are measured at two directions perpendicular to propagation direction. The results indicate that at low temperature
gradients, where the dominant energy flux is conductive heat transfer, the medium remains homogeneous and isotropic. As the
temperature gradient increases, the variance in the fluctuations of the angle of arrival in both directions rises, resulting in a
decrease in the homogeneity and isotropy of the medium, which signifies the predominance of convective heat transfer due to
the establishment of laminar and turbulent flow over conductive heat transfer.

Keywords: Free convection heat transfer, Moiré deflectometer, Angle of the arrival fluctuation, underwater turbulence.
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Generation of Bessel vortex beams with phase holograms
Ali Mohammad Khazaeil

1-Department Physics, Faculty of Basic Science, University of Lorestan, Khorramabad, Iran

khazaei.am@]Iu.ac.ir

Abstract- In this paper, we aim to describe our experimental and theoretical results. High-order Bessel beams are widely
utilized in laser processing and precision measurement. To realize high-order Bessel beams, a spatial light modulator is
employed to load the high-order phase hologram instead of using a physical spiral phase plate or axicon. The beam
modulation is conducted experimentally. Additionally, this method offers flexibility and reduces manufacturing errors. It
serves as an effective approach for generating high-order Bessel beams.

Keywords: Diffraction, Bessel beam, phase hologram and axicon.
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Comparison and Analysis of Laser Ablation of Stainless steel with Nano and Picosecond Laser
Pulses Using COMSOL Simulations

Reza Goodarzi*, Fereshteh Hajiesmaeilbaigi

Photonics and Quantum Technologies Research School, Nuclear Science and Technologies Research Institute, North
Kargar street, Tehran, Iran,

rego.physics@gmail.com

Abstract- This study simulates the interaction of short (nanosecond) and ultrashort (picosecond) laser pulses with
stainless steel using the COMSOL software. Thermal changes and ablation depth in the target are calculated following
the interaction of laser pulses with identical energy but different temporal durations. Although the ablation depth resulting
from a picosecond pulse is almost one order of magnitude smaller than that of a nanosecond pulse, the thermal effects are
significantly reduced, and the ablation radius is halved. Additionally, no edge effects are observed in the interaction of
ultrashort pulses, whereas short pulses lead to the formation of edges with considerable thickness. Consequently, the
simulation results suggest that ultrashort lasers are more suitable for creating clean cuts (without edge), while short lasers
are more effective for increasing ablation depth.

Keywords: Stainless steel, short and ultra-short pulses, Comsol, laser ablation
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Proton Driven Wakefield Acceleration for Plasma Channel with Parabolic Density Profile

Yasaman Golianl, Salehe Beheshtipourl, Hamid Akherat Doost1, and Davoud Dorranian2
1Department of Physics, Central Tehran Branch, Islamic Azad University, Tehran, Iran
2Plasma Physics Research Center, Science and Research Branch, Islamic Azad University, Tehran, Iran

y.golian@gmail.com

Abstract- A proton beam with a Gaussian profile is employed to excite the wakefield in a plasma with a parabolic density
profile. In the previous reports, the simulation results and the perturbation techniques in case of laser wakefield
accelerations for a parabolic channel have been investigated. However, in this paper, the accelerating field equation for
proton beam in a parabolic plasma channel has been investigated using an analytical model that the solutions are expressed
by Whittaker functions. The noticeable point in longitudinal wakefield along the propagation axis is oscillatory behavior
of wakefield and the acceleration gradient decreases with distance behind the bunch. Also, the longitudinal electric field
as a function of radius is peaked near the axis. This concept has been shown in two and three dimensions. In addition, the
variation of longitudinal electric field versus different plasma channel radii is investigated. It is observed that the
acceleration gradient first increases with increasing the plasma radius, and then levels out.

Keywords: Gaussian Beam, Whittaker Functions, Plasma Wakefield Acceleration, Plasma Channel.
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1. Introduction

Plasma wakefield acceleration has drawn a great deal of
attention in recent years [1-2]. The wakefields in plasmas
care generated either by an ultra-intense, short laser pulse
[3], or by a charged particle beam. Plasma wakefield
generation in a radially non-uniform plasma using
charged particle beams [4] or in parabolic plasmas using
lasers as drivers have been addressed in the past. Most of
the studies, however, were focused at parabolic channels
with the on-axis density minimum because of
channelling properties in the plasma. The non-uniformity
in the radial direction with the on-axis density maximum
is also of interest for the charged particle drivers. These
narrow plasma columns may appear either if the plasma
is formed by a narrow laser pulse, or as a result of ion
motion in the long-lived proton-driven plasma wave [5].
Narrow plasma columns with an on-axis density
maximum could find a potential application for
compensating the undesirable wave front curvature in the
case of a nonlinear wakefield [6], or could present an
undesirable effect that needs to be understood. In this
work, we presented for the first time a thorough
analytical model and solved the governing equations for
the wakefield acceleration by proton beam in a parabolic
density profile plasma, where the maximum plasma
density is on the beam propagation axis along the z-
direction. It has a potential application for compensating
the undesirable wave front curvature in the case of a

nonlinear wakefield. This work presents the governing

equations and their solution for the longitudinal
wakefield component analytically. The behaviour of the
longitudinal electric field and the effect of the plasma
channel radius on it are investigated.

2. Model

In this section we briefly review the model presented in
[7]. A high density bunch propagating through the
axisymmetric plasma leads to the motion of plasma
electrons. The plasma has a variable density as n =

r2
ng (1 - erl
radial coordinate. The maximum plasma density n, is on

the beam propagation axis along the z direction. The
2 _EZ

), where rp, is the plasma radius, and r is the

beam density is n, = ny,pe2°fe20%, where &=z-ct, with ¢
speed of light, and ny=N/((2m)*?c%s,), N is the total
number of particles in the bunch, and or and oz are the
beam radial and longitudinal characteristic lengths,
respectively. For the linearly responding plasma, the
optimized plasma density is determined by the
longitudinal characteristic length of the driver from the

0.5
L. 1 2 .
condition — = — = 2Z, where wp, = (""e ) is the
wpo ko V2 meg
plasma frequency and k,, is the plasma wave number.
The parameters of plasma and beam characteristics are:

n0=6e14 cm -3, wizo.zls mm, N=1e11, nb0=0.57 n0,
po

or =0.43 mm, o, =0.1mm, r,; =0.64 mm. We note that
charge density in the system can be expressed as p =
eny, + en; — en, = eny, + eny — e(ny + ny). Indexes b,
i and e denote the beam, ions and the electrons,
respectively. By using Maxwell’s equations, Newton’s
second law of motion for the plasma electrons, the
equation of continuity for the plasma, and writing
quantities in terms of an equilibrium and an oscillating
te')'m E=E;+E;,, B=By+B;, v=vy+v; and
assuming that E,, B, and v, are all equal to zero we have
V-Ezi(enb —eny), %z —iE ,aaitl+nV-V= 0.
Quantities indexed with 1 denote the perturbed
parameters. One can arrive at the following equation

o', +Kk2 <1 rz)
T2 0 — |
0g? P rh)
i 2
= klz)O nbO eZO'% eZo‘% (1 — :Tl) (l)
p

This differential equation can be solved by using the
Laplace transform of a system which is initially at rest

n; = V21 o,Kpenpe (1 -

K2 —i 0‘%
2 >0.5 ;Lz PO(l rf,]) . (1 2 )0.5 )
- er e 2 sin -
r?;l po r;] E ( )
Also, we can solve the equations for the electric field as
a function of the perturbed density. We note that the
current density can be written as J=Jp +J. =Jp +
UJo+J1) =Jp +]J1 in which J, and J. are beam and
electron current density, respectively. J, and ], denote the
unperturbed and the perturbed electron current density,
respectively.

Using the Maxwell equations, we have

2=

2p _ O%E _ _ P\ _ 20mp
V°E o = engllyC (1 Fﬁl) ot Koec 5 zZ+
e = e =
;Vl’lb — gan (3)
whereZ—Z = = E. By substituting anb/g, Vnb, Vn, in Eq.

(3) and separating the longitudinal and radial components
we will have

2 —
[VE - kfao <1 - :Tl)] Ei,(r8) = E_: V2T O'znboklz)o (1 -
P

2
2 r 2
2 ‘kp0<1‘rz >Gz
=\ ") 2

2 : 05
T) et e 2 cos | kpo (1 - rTl) 13 4)
P

bl
The equation for radial component is presented in [7].
The solution for the homogeneous part of Eq. 4 with
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respect to the variable r for a finite parabolic plasma
channel can be expressed by the Whittaker functions

Ci . irp1k ik
Eo,(r) = = whittakerM (“F’ITW,O,ER—DOIJ) +
pl

&2 whittakerW (m ,0, Xpo rz) (5)

r 4 I'pl

where C; and C, are constant and can be determined by
applying appropriate boundary conditions. Note that for
an infinite plasma, the solution takes the form of the well-
known Modified Bessel functions. As the limit of
w at r=0 is infinity, we set C, to be zero. The
complete solution will be the sum of the solution for the
homogenous equation and the special solution due to the
right hand side. The boundary conditions are those of a
perfectly conducting tube of the radius rp. Thus the
boundary condition for the longitudinal electric field can
be considered as E,(r = ry) = 0. The solution to the
longitudinal wakefield which satisfies the boundary
condition E,(r = r,;) = 0 can be written as [7]

EZ(F,E) = [FZ(I‘,E) - . .
F,(rp8)] %WhittakerM (m 0, o r2> (6)

4 I'pl

with function F,(r,) defined by
ikpor?

T,

0.5 0.5
pl Biai iz iz
AeB1IB221 (L kog+z( )| ==L )  cos| kpo| 1+—2 W(
(irpikpotz1) Koo S Uarran 3

LM £.008 -0.006

0.004 -0.002 0
Zm)

P 10°
0 (b)

E‘{V.l'mj
& b

0 1 2 3 4 5 g
r{m) x10*

Fig. 1: (@) The variation of longitudinal electric field in
longitudinal direction for r=0 (b) The variation of longitudinal
electric field in radial direction for =rpl.

To better illustrate the behaviour of the longitudinal

“pfpo,o,;{\)akefield, we have shown in Fig. 2, two and three-

iryk iryk, iryk, ir,1k,
kf,()((-z-irplkpo)m(w ol "O,o,z,>w(M,0,z1)-4M(%,0,z1)w(1+¥,o,z]\\

4 4

1
()
where the following quantitates have been defined x =

) 0.5
Kpo (1 + ) A= V2T ook,
€0

rp1Kpo

B,

2
1,2 2 _ Tpl kpoo3
_EprO-Z:BZ - (_Zk 7+ 5

poOr 2rp]

2 212 2
B. = Ip1=0iKpooz B _ ~€npg
3= 2 o2 > P4 — .

p1°r
Whittaker functions are denoted by M and W in the
integral.

3. Results and Discussion

The integral in Eg. (7) can be solved by numerical
integrations and E, can be obtained as a function of € and r.
To this end we use the parameters mentioned earlier. The
variations of the longitudinal field in longitudinal and radial
directions are presented in Fig. 1(a) and Fig. 1(b),
respectively. The behaviour of the longitudinal electric field
in the longitudinal direction is oscillatory and decreases with
the distance behind the bunch as the beam passes through
the plasma column. Also, the longitudinal electric field as a
function of radius is peaked near the axis.

dimensggnal plots of Ez as a function of  and r.

E(Vim)

-6x%10°

r{m}

1x

E,(V/m)

Em)  go0s

-0.008 0.0000

Fig. 2: Longitudinal electric field as function of & and r in two
and three dimensional. The schematic ellipse shows the
location and the size of the bunch.
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Fig. 3 shows the variation of longitudinal electric field
versus different plasma channel radii.

145210

15 i 6 8 10 iz
rnlkpn

Fig. 3. The variation of longitudinal electric field with plasma
channel radius for r=0 and &=0.

As shown in Fig. 3, the acceleration gradient first
increases with increasing the plasma radius, and then
levels out.

4, Conclusion

A plasma channel with a parabolic density profile was
considered and the beam plasma wakefield generation
was investigated. In contrast to the previous works, we
presented for the first time a thorough analytical model
and solved the governing equations for the wakefield
acceleration by a charged particle beam in a parabolic
density profile plasma. The longitudinal electric field was
expressed by the WhittakerM functions. The amplitude
of the longitudinal wakefield decreases with the distance
behind the bunch and is peaked near the axis as a function
of radius. Also, the variation of longitudinal electric field
versus different plasma channel radii showed that the

acceleration gradient first increases with increasing the
plasma radius, and then levels out.
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Optical Properties of Copper Nanoparticles in Polyvinyl Alcohol Matrix: Sensing and Energy
Harvesting Using Boundary Element Method (BEM)
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1Department of Physics, Central Tehran Branch, Islamic Azad University, Tehran, Iran
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Abstract- This paper presents a Boundary Element Method (BEM) simulation study on the optical properties of a copper
nanoparticle embedded in a PVA matrix. The scattering cross-section, decay rates, and electric field distributions are
investigated for different dielectric environments. The results show that the PVA matrix leads to enhanced scattering and
a shift in the scattering peak towards longer wavelengths, compared to ethanol. Additionally, the total and radiative decay
rates, as well as electric field maps, reveal how the nanoparticle's interaction with the surrounding dielectric medium
influences its optical behavior. These findings are crucial for designing nanoparticle-based sensors and energy harvesting
devices

Keywords: Copper Nanoparticle, Polyvinyl Alcohol (PVA), Boundary Element Method (BEM), Total and Radiative
Decay Rates, Nanomaterials for Renewable Energy.
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1. Introduction

The study of nanomaterials has gained significant
attention in recent years due to their unique optical,
mechanical, and electrical properties, which differ from
their bulk counterparts [1]. Among these materials, metal
nanoparticles have been extensively researched for their
promising applications in fields such as sensing, imaging,
and energy harvesting. Copper nanoparticles, in
particular, exhibit interesting optical behaviors due to
their localized surface plasmon resonance (LSPR), which
can be significantly influenced by the surrounding
medium [2].

Polyvinyl alcohol (PVA), a widely used synthetic
polymer, is known for its excellent film-forming
properties, biocompatibility, and ease of processing [3].
When PVA is used as a matrix for metal nanoparticles, it
provides a stable environment that can modulate the
optical properties of the nanoparticles through
interactions at the interface. This makes PVA an ideal
candidate for fabricating nanocomposites with tailored
optical properties.

In this study, we focus on analyzing the optical properties
of copper nanoparticles embedded in a PVA matrix using
the Boundary Element Method (BEM). BEM is a
powerful computational technique for solving
electromagnetic problems, especially those involving
complex geometries and material interfaces [4-6]. By
using BEM, we can accurately simulate the light
scattering and absorption properties of copper
nanoparticles within the PVA matrix, providing insights
into their potential applications in optoelectronics and
sensors. This work aims to investigate the effects of
nanoparticle size, shape, and the dielectric properties of
the surrounding medium on the optical response of the
nanocomposite. Through numerical simulations and
analysis, we seek to better understand the behavior of
copper nanoparticles in PVVA and explore their potential
in advanced material applications.

2. Theory

The Boundary Element Method (BEM) is a numerical
technique used to solve electromagnetic problems,
particularly in complex geometries. In the context of
nanoparticle-optical simulations, BEM focuses on
solving Maxwell's equations by discretizing the
boundary surfaces of the domain, reducing the problem
to a boundary-only representation. This is especially
useful for scattering problems, where the particles and
surrounding medium can be represented by their
boundaries.

Maxwell's Equations and the Green’s Function: the
starting point for BEM is the solution to Maxwell’s
equations for a given configuration. The full form of the
electric field Ein the presence of an electric current
density ] is governed by:

0B

VXE=——,
at

V-E=p (D
Where B is the magnetic field and p is the charge density.
The Green’s function G(r,r") for the problem is used to
describe the influence of a source point r' on the field at
another point r. For a homogeneous dielectric medium,
the Green's function satisfies:

V2G(r, ') + kK2G(r, ') = =8(r,1") )
where k is the wave number in the medium.

Boundary Integral Equations: the key to BEM is the
boundary integral formulation, where the field is
represented as an integral over the boundary surfaces of
the domain. For a nanoparticle with surface S, the electric
field at any point on the boundary can be expressed as:

dG(r,r")
E(r) =j<G(r,r')](r')—TE(r')> ds (3)
S
aG(r

Where J(r") is the surface current density and 6—:) is

the derivative of the Green’s function in the direction
normal to the surface.

The above equation represents the integral over the
particle boundary, which must be discretized for
numerical computation. The discretization leads to a
system of linear equations that can be solved to obtain the
field distribution.

Surface Charges and Currents: To compute the induced
surface charges and currents, we solve for the charge
distribution using:

o(r) = n.J(r) 4)

where o(r) represents the induced surface charge density
at a point r on the boundary and n is the unit normal
vector to the surface. Scattering Cross Section: Once the
surface charge distribution is known, the scattering cross-
section o, can be computed using the induced currents
and the external field. For a plane wave excitation, the
scattering cross-section is given by:

2
2

_ k ’ ’
Osea = 5 || TGS ©

S

where the integral represents the interaction between the
Green’s function and the induced surface currents.
Numerical Methods: To solve the above equations, the
boundary surface is discretized into small elements, and
the integrals are approximated using numerical
quadrature methods, such as the Gaussian quadrature.
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The boundary elements method allows for solving the
electromagnetic problem in complex geometries with
high accuracy and efficiency.

3. Results and Discussion

The scattering spectra of Cu nanoparticles in PVA and
ethanol matrices are illustrated in Fig 1, with scattering
cross-sections plotted against wavelength. The Cu/PVA
system demonstrates a redshift in the scattering peak
compared to Cu/ethanol, with the peak position shifted
towards longer wavelengths. Additionally, the magnitude
of the scattering cross-section for Cu/PVA is noticeably
higher than that for Cu/ethanol. This redshift and increase
in scattering intensity can be attributed to the higher
refractive index of PVA compared to ethanol. When a
nanoparticle is embedded in a medium with a higher
refractive index, the localized surface plasmon resonance
(LSPR) frequency tends to shift to lower energy, which
corresponds to a longer wavelength. This is because the
dielectric  environment around the nanoparticle
significantly affects the oscillation of conduction
electrons on the nanoparticle's surface, which is the
fundamental driver of LSPR. In the case of Cu/PVA, the
PVA matrix (with a higher refractive index than ethanol)
effectively increases the local dielectric constant around
the nanoparticles, thereby causing a more pronounced
redshift in the LSPR wavelength.

The stronger scattering in the Cu/PVA sample can also
be advantageous for various optical applications where
enhanced scattering is desired, such as in photothermal
therapy, optical sensors, and other plasmonic devices. In
these applications, tuning the scattering properties by
selecting specific host matrices allows for optimized
performance, which is essential in designing
nanostructures for targeted optical responses. Thus, the
findings underscore the role of the surrounding medium
in dictating the optical properties of metal nanoparticles,
highlighting the importance of matrix selection in
nanophotonic applications.

Cu/PVA

Scattering cross (nm?)

Cu/Ethanol

Wavelength (nm})

Fig 1: Comparison of Scattering Spectra of Cu Nanoparticles
in PVA and Ethanol Matrices

Total and radiative decay rate for dipole oriented along x and z

Tadiz) & BEM

Position (nm)

Fig 2: Total and Radiative Decay Rates for Copper
Nanoparticle in PVA as a Function of Position, for Dipole
Orientations Along the x and z Axes

The stronger scattering in the Cu/PVA sample can also
be advantageous for various optical applications where
enhanced scattering is desired, such as in photothermal
therapy, optical sensors, and other plasmonic devices. In
these applications, tuning the scattering properties by
selecting specific host matrices allows for optimized
performance, which is essential in designing
nanostructures for targeted optical. Fig 2 showing the
total and radiative decay rates for the dipole oriented
along the x and z axes as a function of position provides
insight into the interaction of the Cu nanoparticle with the
surrounding PVA matrix. The results indicate that the
decay rates are position-dependent, with noticeable
differences along the x and z orientations.

The total decay rate typically reflects the overall energy
loss, while the radiative decay rate is related to the energy
radiated away by the nanoparticle. The variation in these
rates as a function of position highlights the localized
effects of the nanoparticle on the surrounding medium,
which can be crucial for applications like sensing and
energy harvesting.
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Fig 3: Electric Field Distribution Around a Cu Nanoparticle
Embedded in PVA Matrix

The electric field map shown in Fig 3 represents the
distribution of the electric field around a copper
nanoparticle (Cu) within a PVA matrix under plane wave
excitation. The field distribution is calculated using the
BEM method in the quasistatic approximation.

The plot shows how the electric field varies in space due
to the presence of the nanoparticle. In the case of Cu
embedded in PVA, the electric field is highly localized
near the nanoparticle's surface and decays rapidly as the
distance from the particle increases. This field
enhancement near the nanoparticle surface can be
attributed to the surface plasmon resonance, which is
particularly significant for metallic nanoparticles. These
localized fields are important for applications in
plasmonic sensing, as they enable strong interactions
between the nanoparticle and the surrounding medium,
which could be useful for detecting small changes in the
environment or for energy harvesting applications.

4, Conclusion

In this study, BEM simulations were conducted to
analyze the optical properties and field distributions of a

copper nanoparticle embedded in a PVA matrix. The
results revealed the significant role of the surrounding
medium in influencing the nanoparticle’s scattering
cross-section, decay rates, and electric field distribution.
The Cu/PVA system exhibited a shift in the scattering
peak towards longer wavelengths and enhanced
scattering compared to Cu/ethanol, indicating the
importance of the dielectric environment. These findings
provide valuable insights for applications in sensing and
energy harvesting, highlighting the tunability of optical
properties based on the matrix material.

References

1. Akherat Doost, H., Majles Ara, M. H., &
Koushki, E. (2016). Synthesis and complete Mie analysis
of different sizes of TiO2 nanoparticles. Optik, 127(4),
1946-1951.

2. Liu, Z., Xu, B., Cheng, Y., Si, M., Chu, X., Sun,
M., & Fang, Y. (2023). Spectral analysis of oxidation on
localized surface plasmon resonance of copper
nanoparticles thin film. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 303, 123202.
3. Doost, H. A., Ghasedi, A., & Koushki, E.
(2021). Electrical effects of AuNPs and PVA polymers
on optical band gap and thermo-optical properties of
TiO2 nanoparticles. Journal of Molecular Liquids, 323,
115074.

4, Tenzer, R., Cunderlik, R., Dayoub, N., &
Abdalla, A. (2012). Application of the BEM approach for
a determination of the regional marine geoid model and
the mean dynamic topography in the Southwest Pacific
Ocean and Tasman Sea. Journal of Geodetic Science,
2(1), 8-14.

5. Dang, D. T.-X., Vu, N. H., Vu, T. T.-H., Thoai,
N., Kawazoe, Y., Phan, B. T., & Nguyen-Manh, D.
(2023). Combined density functional theory and
boundary element methods study on optical and
electronic properties of interfacial Au/TiO2 defects.
Optical Materials: X, 20, 100267.

6. Fahmy, M. A., & Toujani, M. (2024). Fractional
Boundary Element Solution for Nonlinear Nonlocal
Thermoelastic Problems of Anisotropic Fibrous Polymer
Nanomaterials. Computation, 12(6), 117.

IUST_ICOP2025_Proceedings_040207_MS.docx

YoV 5IYYA axio



3 011 S gigd § St il i (oSt g o 4ol lli
181 Seigigh (539 g (ounkigo Lt i e it

gy WUGo

Al 0311yt b (Gr199) (s Slasl (gld o Suwg yy uilacinngl 99 9 0 30 Gy (o)
VR8s SOl g Vaues 3 Lo ) SloasS gawes] Ol s N aald oo sl
Olph 305 3 s oils ¢ cwlids o5l 5 (60 10,15 S 58 00ty g U jud oaSiidl

=L.SJ.> “)&—‘ ‘M&Lu olKisls ‘LS)ﬁL;é 9 0‘9.A [agl.c OM5).'Y

Lol 183158 laze azgi 3)50 (Lo anie Slo Sl plss Lo 4 (lSwgn ondyst sle Joke — oSy
Slgol clo )3 0y puilainaggisd o2 5 oIl abox 5 (ool Jo 4 13T o (gum 90 alox Sl (mly Sl slo CulSwg
5 &l o3Il Gullyy Guilicaglsind (ogilsS 000 9 Al (I e 9B Sl ookl LIS cnl o i) (o0 LIS 4 (S
Sl Collug 53 (uiluccaglyiod o, a5 was (oo plis by ool 5 Wl azd 5518 S5l 3 00 (Goar w5 G 93 slo CulSus
@l ol Cowdy ()58 @S 5 Cul ity 5 SasS s ojluil 5 5 S ebele Sz 50 gom A 4 S gan g

500 18 Saea b 38lg5 yo g wil aid S 18 Sbsl o500 028 S b LIS cnl yo Guilecieglgisd

a9 5l Sl (gla olSug ¢ uilucnglgisd cagislsS o0 40 cails ojlusl —ojlgauds’

Investigating the Response of Photoluminescence Yields for Low Dimension (2D) Perovskite
with Changing Grain Size
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1Faculty of Physics and Research Institute for Applied Physics and Astronomy (RIAPA), University of Tabriz, Tabriz,
Iran
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Abstract- Perovskite solar cells have attracted the attention of researchers due to their unique electro-optical
characteristics. Recently, low-dimensional perovskites, including two-dimensional ones, have been used in optical
devices because of their properties such as stability and high photoluminescence efficiency. In this work, using the
Matthiessen's rule, the defect density and the photoluminescence quantum yields (PLQY) as a function of grain size in
two-dimensional and three-dimensional perovskites have been evaluated. The data show that the photoluminescence
yields in two-dimensional perovskites is higher compared to three-dimensional ones, especially at lower carrier densities
and smaller grain sizes. The theoretical results obtained for photoluminescence in this study were compared with
experimental data and found to be in good agreement.

Keywords: Grain size, Low-dimensional perovskites, Matthiessen's rule, Photoluminescence quantum yields.
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Design and analysis of optical gas sensor based on silicon nitride optical waveguide
Faezeh Bahrami-Chenaghlou, Amir Habibzadeh-Sharif*, and Afshin Ahmadpour

Faculty of Electrical Engineering, Sahand University of Technology, Tabriz, Iran

fa_bahrami@sut.ac.ir , sharif@sut.ac.ir *, af ahmadpour@sut.ac.ir

Abstract - In this paper, the systematic design and accurate analysis of a gas sensor based on a silicon nitride optical
waveguide to evaluate the water vapor and Methane gas have been presented. The transverse cross-section of the
waveguide has been optimized using a figure of merit based on the confinement factor of core, clad, and substrate regions,
and the value of 3 x 0.5 um?2 has been designed for it. The analysis of optical performance for this waveguide has been
done using the three-dimensional finite-difference time-domain method, and its optical characteristics have been obtained.
Then, the sensing performance of the designed waveguide to evaluate water vapor and Methane gas has been studied at
the wavelengths of 2.71 and 3.315 pm, respectively, and its sensing performance characteristics, such as maximum
sensitivity, optimal length of the sensing area, and minimum detectable concentration have been obtained for the
propagation loss of 3 dB/cm. Based on these results, the gas sensor based on the silicon nitride optical waveguide has a
good performance in evaluation of the desired gases.

Keywords: Optical mode analysis, Sensitivity, Gas sensor, Silicon nitride, Optical waveguide.
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Nonlinear optical properties of brominated xanthene

Parsa Dolatyaril, Morteza A. Sharifl*, Nader Noroozi Pesyan2, Mohammad Janghouril
1- Optics and Laser Engineering Group, Faculty of electrical engineering, Urmia University of Technology
2- Department of Organic Chemistry, Faculty of Chemistry, Urmia university

* m.abdolahisharif@ee.uut.ac.ir

Abstract- In this research, the nonlinear optical refraction of an unusual coupling of the brominated xanthene sample is
obtained using Z-scan measurement. It is shown that the nonlinear response is as quite large inasmuch as the order of 10-
14 m2/W. Self-Phase Modulation pattern is also recorded as an evidence. It is deduced that the material is suitable for
nonlinear optical microscopy and imaging in biology and medicine.

Keywords: Nonlinear refractive index, Xanthene, Z-scan technique, Self-Phase Modulation.
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1. Introduction

Xanthene is a chemical compound with the
heterocyclic formula C13H100 i.e. it consists of
two benzene rings connected with a methylene
group and an atom of oxygen. Xanthene and its
derivatives are important for their usefulness in
producing fluorescent dyes. Xanthene-based dyes
particularly have major applications in optics. For
example, fluorescein and rhodamines are widely
used as fluorescent markers. They can be
advantageous in Dye-lasers, optical sensors, opto-
genetics, medical diagnosis and imaging and
photodynamic therapies [1-3].

Xanthene derivatives with bromine atoms, often
referred to brominated xanthenes, show unique
characteristics. Long-term imaging and sensing can
be certified by brominated xanthenes due to the
photostability. On the other hand, brominated
xanthene derivatives may exhibit enhanced
biological activities, such as increased cytotoxicity
against certain cancer cells, making them potential
candidates for therapeutic applications[4-5].

Nonlinear optical approaches like two-photon
excitation provide pivotal tools for novel optical
imaging techniques including molecular and
medical imaging [6-8]. Although, brominated
xanthenes were extensively studied, their nonlinear
optical properties are not yet clearly measured. In
this research, we measure the nonlinear optical
refraction of an unusual coupling product of the
brominated xanthene using a precise Z-scan
technique. We find that the nonlinear refractive
index is significantly large to cause Self-Phase
Modulation (SPM) for a low-threshold driving
beam.

2. Materials and Method

We use an as-prepared sample of unusual coupling
of  4-(3,3-dimethyl-1-0x0-2,3,4,9-tetrahydro-1H-
xanthen-9-yl)-5-hydroxycyclohex-4-ene-1,3-dione
in the presence nanocatalyst
Fe304@C/KP23@MnCI2 in accordance with [9].
We also use a standard Z-scan close aperture optical
setup with a laser diode of maximum power 130
mW and 532 nm wavelength as a light source and
Coherent Lab Master device as a power meter. The
schematic illustration of the optical setup is shown
in Fig.1. As well, the chemical formula of the
sample is shown in Fig.2.

Sample
Eeeris slit

Fig. 1: Schematic illustration of Close aperture Z-scan
setup

Fig. 2: Unusual coupling product of brominated
xanthene

The rest is to move the sample along the optical axis
(say z) and then to record the transmitted power for
each displacement. One can use an empirical
formula to obtain the nonlinear refractive index as
given in Eq.(1).

_ (NL)
AT,, =0.4060", |

where ATpy is the peak to valley transmittance of
. . . NL) .
the obtained Fano-like diagram and @ )IS the

nonlinear phase shift that reads

(NL) _
O =y (@/e)obat iy which Mis the

nonlinear refractive index to be measured, @ is the
light frequency, o is the light intensity and Lett is

the effective length of the nonlinear medium
(sample).
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3. Results and discussion
3.1 Nonlinear refractive index

The Fano-like diagram obtained via close aperture

Z-scan technique is shown in Fig.3. Using Eq.(1),

the nonlinear refractive index of the sample can be
_ -14 2

obtained as 2 4.01x10 M which is a

considerably large value if one notes that the beam

waist of the light is 2:5%107'M? The minus sign
indicates that the medium has a self-defocusing
feature like diffraction.

19.5

-t
4e]

18.5

-t
[=2]

Transmittance (a.u.)

—
o
o

171

22 225 23 235 24 24.5
Z (cm)

Fig. 3: Fitted Close Aperture Z-scan data as a Fano-like
diagram

3.2. Self-Phase Modulation

In order to verify the measurement, one may need
to seek the SPM pattern as an evidence. The laser
diode of the maximum power 130 mW and 532 nm
wavelength is used to obtain the pattern as
obviously shown in Fig.4. Multiple visible rings of
the pattern indicates that the nonlinear response is
quite large while the non-uniform feature of the
pattern is a conventional fact resulted for the laser-
beam induced temperature gradient within the ink
sample.

In accompany with the fluorescent characteristic,
the large nonlinear response of the sample can
guarantee the application in non-destructive
imaging techniques.

Fig. 4: SPM pattern of the nonlinear medium
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Design of a stable optical resonator in a quasi-continuous Nd:YAG/Nd:YVO4 laser in the
repetition rate ranges of 20 to 200 kHz

A.Maleki , H.Mirzakhani , M.M.Dehghan , S.Nazem and A.Pezh

abbasmaleki56@gmail.com, hasanpe76@gmail.com

Abstract- - In this paper, the design and calculations of stable optical resonator parameters in a quasi-continuous
Nd:YAG/Nd:YVO4 laser in the repetition rate ranges of 20 to 200 kHz have been presented. In this design, the average
values of optical, thermal and physical parameters of the combination of dual- crystal Nd:YAG/Nd:YVO4 with
percentages of 80 and 20, with dimensions of 20 and 6 mm , respectively , have been used to calculate the thermal lens
effect. The optimal optical resonator selected has an optical length of 92 mm and the laser mirrors have infinite and 500
mm radius of curvature, respectively. The optimal geometric parameters of the active resonator have the values gi =
0.11, g5 = 0.87, and the focal length of the thermal lens at the maximum repetition rate of 200 kHz is 0.06 m.

Keywords: Active resonator , Geometric parameters of the resonator , Focal length of the thermal lens , Dual crystal
structre
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The Effect of Mechanical Optical Transparency Using Photodetectors for Non-Invasive
Sensors

Goudarzi Ali 1, Esmailpour Mahboube 2, G. Shemirani Mohammadreza 3
1,2,3 College of Interdisciplinary Science and Technology, University of Tehran,

2Center for Nanoscience and Nanotechnology, Institute for Convergence Science & Technology, Sharif University of
Technology, Tehran 14588-89694, Iran

ali.goudarzi9775@ut.ac.ir, Mah.esmailpour67@sharif.edu, rshemirani@ut.ac.ir

Abstract - This absorption at different wavelengths. Detected optical signals are analyzed to explore the relationship
between mechanical pressure and optical changes. The research focuses on wavelengths of 850 nm (near-infrared or NIR),
573 nm, and 680 nm (visible). NIR penetrates deeper into tissues due to its lower absorption by water and hemoglobin
compared to visible light. Visible light, with higher absorption, has less penetration depth. Additionally, reduced
scattering in NIR preserves light energy over longer distances, enabling more accurate analysis of tissue structures. These
features highlight the significance of NIR in optical clearing and non-invasive sensor applications.

Keywords: Photodetector, Non-invasive sensor, Mechanical Optical Transparency, Near infrared, Visible light
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Analysis of the spontaneous emission effect in the nano lasers’ threshold using the
characteristic equation

Khosro Mabhuti, Zeynab Rahmani

Kh.mabhouti@urmia.ac.ir, z.rahmani@urmia.ac.ir

Abstract: Nano lasers are highly effective to the spontaneous emission rate. In this study, we investigate a new threshold
condition in which the electron-photon recombination rate is in conditions where the rate of spontaneous emission is more
than normal. The effectiveness of the electron-photon recombination rate in which the spontaneous emission rate to
stimulated emission rate is maximum, can be studied using coupled differential equations for the population of carriers
and the number of photons. Therefore, with the aid of stability analysis of these laser rate equations, we derive the laser
characteristic equation. As a result of the stability performance analysis, it was observed that the increase in the
spontaneous emission rate in conditions that the population of carriers decrease, can prevent the main laser mode growing.

Keywords: electron-photon recombination, characteristic equation, stability analysis, spontaneous emission, nano laser.
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Investigation of scattering and near field of single triangular gold nano-prism
Rajabi Nasab, Fatemeh 1; Sharifi, Nafiseh2,3*

1Physics Department, Shahid Bahonar University of Kerman, Kerman, Iran
2Physics Department, University of Kashan, Kashan, Iran
3lnstitute of Nanoscience and Nanotechnology, University of Kashan, Kashan, Iran

joandarkrajabi@gmail.com1, sharifi@kashanu.ac.ir2

Abstract: This article investigates the optical properties and electric field distribution of triangular gold (Au) nanoprisms
individually under polarized light irradiation using numerical simulations in COMSOL software based on the Finite
Element Method (FEM). The results reveal that the plasmonic characteristics of these nanoprisms are predominantly
influenced by electric polarization rather than wave propagation. When the electric polarization vectors are aligned
parallel to the triangular cross-section, dipole and quadrupole modes are observed under various conditions, except in two
specific cases where only a quadrupole response was detected.

Keywords: Near Field, Finite Element Method, Dipole, Quadrupole, Scattering, Triangular Gold Nano-prism
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Diffraction of Vortex Beams by a circular obstacle and Formation of Poisson-Arago Rings

Mohaddeseh Mohammadi Masouleh*, Muhammad Jafar**, and Saifollah Rasouli***
Physics Department, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan

* m.mohammadi.m@iasbs.ac.ir, ** m.jafar@iasbs.ac.ir, *** rasouli@iasbs.ac.ir

Abstract- In this study, the diffraction of vortex beams from a concentric opaque disk with the beam's intensity profile
resulted in the formation of intensity rings in the geometric shadow of the disk. Due to the similarity with the Poisson-
Arago spot experiment, these rings are referred to as Poisson-Arago rings. The results showed that the number and
position of the rings are influenced by the disk's radius and the topological charge of the beam. As the topological charge
increases, the number of rings increases and they move toward the shadow's edges. Additionally, the variation in the disk's
radius affects the complexity of the interference patterns.

Keywords: Light diffraction, Poisson-Arago rings, vortex beams.
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Two-qubit entanglement in two-photon Jaynes-Cummings model in the presence of dipole—
dipole interaction: Beyond rotating wave approximation

N. Asili Firouzabadi, M. K. Tavassoly, M. Ghasemi

nedaasilil909@gmail.com, mktavassoly@yazd.ac.ir, mahnazghasemil992@gmail.com

Abstract - It is well-known that the rotating wave approximation (RWA) is valid in the weak coupling regimes in atom-
field interaction, while counter rotating terms (CRTs) cannot be ignored in the strong coupling regimes. Considering
CRTs is equivalent to the presence of a typical nonlinearity function in the atom-field interaction Hamiltonian. In this
paper, with the help of perturbation theory and the nonlinear coherent state approach, we first intend to consider the
Hamiltonian interaction between two qubits (two two-level atoms) with a single-mode field in a high-quality cavity, while
the two-photon atomic transitions are allowed and also CRTs and the dipole-dipole (D-D) interaction are taken into
account. Then we study the time-dependent Schrédinger equation with special initial conditions for the considered model.
In the continuation, concurrence, as a suitable criterion for the degree of entanglement between the two qubits is evaluated,
numerically. Our results show that, CRTs and D-D interaction drastically change the concurrence patterns.

Keywords: Counter rotating terms, D-D interaction, Perturbation theory, Rotating wave approximation.
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Femtosecond Optical Parametric Oscillator in the 0.4 -2.5 Micrometer Range Based on BiBO
Nonlinear Crystal

Delnia Pourghobadl, Maryam shams1, and Masood Ghotbil

1 Department of Physics, Faculty of Science, University of Kurdistan, Sanandaj, Iran

d.pourghobad@uok.ac.ir, m.ghothi@uok.ac.ir

Abstract - In this research, we have investigated the output of a femtosecond optical parametric oscillator (OPQ) based
on BiBO crystal. The OPO is synchronously pumped using the second harmonic pulses of a femtosecond Ti:Sapphire
laser at 400 nm using type I (o—ete) phase-matching inside the yz optical plane. The temporal and spectral
characterizations of the idler pulses in the spectral ranges of 905-2500 have been performed.

Keywords: BiBO, Infrared femtosecond pulses, ldler output, Optical Parametric Oscillator, Phase-matching,
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Simulation of temperature profile retrieval by Rayleigh scattering LiDAR for the upper
layers of atmosphere

Seyed Ayoob Moosavi, Abolhasan Mobashery, Mojtaba Arjmand
Faculty of Modern applied Science, Malek Ashtar University of technology, Isfahan

ayoobm63@gmail.com

Abstract - In this research, a lidar for retrieving the temperature of the upper layers of the atmosphere by Rayleigh
scattering was designed and simulated. Using the governing equations, relative density and pressure gradients were
extracted. Considering the ideal gas law in hydrostatic equilibrium, the nonlinear equation was solved numerically using
integration method. The results show that, the error caused by the incorrect estimation of the pressure at high altitudes
and unavoidable noises in these systems, the temperature retrieval is valid up to 45 km height, but by using the Wavelet

technique in denoising the signal, it is possible to estimate the temperature up to the height of 80 km.

Keywords: Atmospheric temperature, Rayleigh scattering, LiDAR.
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Investigating the optical properties of water by using satellite data in order to design the
bathymetry LiDAR

Shakiba Mosavat Shahreza, Seyed Ayoob Moosavi

shakibamosavat@gmail.com , ayoobm63@gmail.com

Abstract - In this paper, in order to design an airborne LiDAR, by using satellite data, the optical properties of the sea is
studied and the secchi depth of the waters of the region is estimated. Since the Persian Gulf region has a strong biological
ecosystem, it has variable optical properties throughout the year and has a lower penetration depth of LiDAR signals
compared to other oceans. The results show that the highest water transparency in visible wavelengths is belong to Oman
Sea in summer with a maximum secchi depth of 45 meters. In the winter, it will decrease to a maximum of 12 meters. On
the other hand, Strait of Hormuz and shallow waters have the lowest transparency during the year.

Keywords: Bathymetry, Kd_490 algorithm, LiDAR, Satellite data, Secchi depth.
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Increased permeability of gastric cancer cells to an enriched herbal extract with anti-gastric
cancer properties under femtosecond laser pulse irradiation

Nastaran Kahrarian?, Zeinab Jalali2, Hussein behboudi?, Atoosa Sadat Arabanian®, Hassan Rezadoost?, Reza Massudi

n.kahrarian@Mail.sbu.ac.ir, z.jalalil26@gmail.com, hussein.behboudi@gmail.com, a-arabanian@sbu.ac.ir,
h_rezadoost@sbu.ac.ir, r-massudi@sbu.ac.ir

Abstract- Today, Gastric cancer is one of the most prevalent cancers, with drug resistance posing a serious challenge that
extends the treatment duration. Moreover, the use of plant extracts with anti-cancer properties offers a low-cost and low-
risk approach to treating this disease. In this study, femtosecond laser pulses with a wavelength of 1040 nm in the near-
infrared region were utilized to create channels on the cellular membrane surface. The results indicated that these channels
significantly enhanced drug penetration into cells, thereby alleviating the issue of drug resistance. Furthermore, optical
tweezers observations showed that under femtosecond pulse irradiation, the cellular treatment time decreased from 240
minutes to 130 minutes.

Keywords: Optical tweezer, Laser beam, Laser power, Gastric cancer, Femtosecond laser pulses.
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Investigating Effect of Array Geometry and Number of Beams on Coherent Combined Beam
Quality
Sajjad Qaanil, Fatemeh Dabbagh Kashanil, Naser Siahvashi2
1- School of Physics, Iran University of Science and Technology, Tehran, Iran

2- Department of Photonics, Shahid Fakhrizadeh Faculty of Basic Sciences, Imam Hossein University, Tehran, Iran

sajjad_ghaani@physics.iust.ac.ir , f dk@iust.ac.ir , n-siahvashi@ihu.ac.ir

Abstract — Nowadays, coherent combination of laser beams is recognized as the most effective way to increase laser
power. One of the challenges facing this field is the appropriate array geometry and number of beams to achieve maximum
power in bucket in the observing plane. In this paper, the effect of the array geometry and the number of beams on the
coherent combined beam quality is investigated. Simulation results show that the hexagonal array with 29.3% power in
5 cm bucket produces better beam quality compared to ring, square and rectangular arrays and has fewer bright side lobes
in the intensity distribution. Also, by simulating the number of 7, 37, 61, and 127 beams, it was determined that the
number of 37 beams in a hexagonal array is the best choice and creates the highest power in 5 cm bucket. The results of
this paper can be effective in the design and construction of high-power lasers based on coherent beam combination.

Keywords: Coherent Beam Combination, Array Geometry, Number of Beams, Propagation of Combined Beam in
Vacuum, Combined Beam Quality.
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New Approach in Simulation of Laser Beam Propagation in Turbulent Atmosphere
Sajjad Qaanil, Fatemeh Dabbagh Kashanil, Naser Siahvashi2

1- School of Physics, Iran University of Science and Technology, Tehran, Iran.

2- Department of Photonics, Shahid Fakhrizadeh Faculty of Basic Sciences, Imam Hossein Comprehensive University,
Tehran, Iran

sajjad_ghaani@physics.iust.ac.ir , f dk@iust.ac.ir , n-siahvashi@ihu.ac.ir

Abstract — With significant advances in the field of lasers, today, laser beam propagation in free space and in turbulent
atmospheres has attracted the attention of many researchers for wide applications. In this paper, a new approach called
the angular spectrum method (ASM) is introduced in the simulation of laser beam propagation in turbulent atmospheres,
which allows the propagation of laser beams with a desired profile. The results of the simulation of laser beam propagation
in turbulent atmospheres show that with the propagation of a Gaussian beam and after passing through random phase
planes, the beam profile is out of the Gaussian distribution and the beam quality deteriorates. Beam propagation simulation
using the angular spectrum method, considering the high speed of computers in Fast Fourier Transform (FFT) and the
possibility of propagating any profile for the beam, can become a popular method in the field of propagation in the near
future.

Keywords: Angular Spectrum Method (ASM), Laser Beam Propagation (LBP), Turbulent Atmosphere, Random Phase
Screen (RPS), Fast Fourier Transform (FFT).
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Statistical Approach to Simulate Laser Propagation in Atmosphere to Investigate
Performance of Free Space Optical Communications

Sajjad Qaanil, Naser Siahvashi2*, Amir Hossein Rabieil
1- School of Physics, Iran University of Science and Technology, Tehran, Iran

2- Department of Photonics, Shahid Fakhrizadeh Faculty of Basic Sciences, Imam Hossein Comprehensive University,
Tehran, Iran

sajjad ghaani@physics.iust.ac.ir , n-siahvashi@ihu.ac.ir , amirhossein_rabiei@physics.iust.ac.ir

Abstract — Free space optical communications (FSOC) and the effect of turbulent atmosphere on it have attracted the
attention of many researchers. In this paper, a statistical approach is presented to investigate the quality of these
communication systems in various atmospheric turbulences using the power in 5 cm bucket (PIB5¢cm) metric. The results
of Gaussian beam propagation simulation in turbulent atmosphere show that the intensity and PIB5cm values have
decreased especially in strong turbulence and although the intensity distribution has deviated from the Gaussian profile,
the average intensity distribution is still Gaussian even in the presence of turbulence. In addition, the PIB5cm distribution
function in turbulent atmosphere has a lognormal distribution and with increasing atmospheric turbulence, its distribution
function has shifted towards lower power values and the width of the distribution function has become smaller.

Keywords: Free Space Optical Communications, Laser Beam Propagation, Turbulent Atmosphere, Angular Spectrum
Method, Power In Bucket Distribution Function.
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Investigating and Simulating The Effect of beam waist on Combined Beam Intensity
distribution and Power in bucket for Propagation in Turbulent Atmosphere by Considering
Phase-Screen

Safarbyranvand, Mahdi; Siahvashi, Naser*
Department of Photonics, Shahid Fakhrizadeh Faculty of Basic Sciences, Imam Hossein University, Tehran, Iran;

n-siahvashi@ihu.ac.ir , mahdi2750safarbiranvand@gmail.com

Abstract- In this research, by applying the effects of atmospheric refractive index structure parameter (Cn2) in the form
of phase-screen and turbulent atmosphere simulation, the effect of beam waist (w0) on the combined beam intensity
distribution and power in bucket whit 15 cm bucket size, has been investigated. For this purpose, first, 60 phase screen
are considered at 10 km distance with different values of Cn2 parameter, and then the effects of different values of w0
are investigated. The simulation results indicate that the increasing the value of the Cn2 parameter, result the increasing
the phase fluctuations of the phase screen. Also, as the value of w0 increases, the intensity distribution of the combined
beam propagation in the turbulent atmosphere becomes more mixed but the maximum value of power in the 15 cm bucket
is the optimum value of 9.5 mm beam waist.

Keywords: Turbulent atmosphere, Cn2 parameter, intensity distribution, phase screen, beam waist
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