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Optical Vortex Generation through Coherent Beam Combining
Mohammad Yeganeh'”
1- Department of Physics Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran

* m.yeghaneh@cfu.ac.ir

Abstract- Due to the limitations in achieving a high-power beam through a single laser, combining coherent beams is of
interest to increase the effectiveness of the beams. The method investigated in this work is to produce a vortex-coherent
beam from several non-coaxial and coherence beams. This method does not require diffraction elements to combine the
beams; therefore, there will be no problem with this diffraction device's ability to achieve a high-power laser. In this work,
we give the final beam a vortex pattern without limiting the number of beams combined to increase the effectiveness of
high-power lasers. Finally, the practical requirements for beam propagation number, dimensions, and spacing are
theoretically examined.

Keywords: coherent beam combining, high power laser, Laguerre-Gaussian beam, vortex beam
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Measurement and recording of the Double resonance signal: investigation of the second order
Zeeman effect and microwave power

Mahnaz asadolah salmanpour, Mohammad mosleh, Seyedeh Mehri hamidi*
* m_hamidi@sbu.ac.ir

Abstract- Atomic clocks, as the most precise time-measuring instruments, play a crucial role in advancing quantum

technologies, navigation systems, telecommunications, and timekeeping standards. In this study, we investigated the
effects of magnetic fields and microwave power on the atomic clock signal of Rubidium-87. Using a double microwave-
optical resonance setup, we measured and analyzed the hyperfine transition 0-0 signal under varying magnetic fields and
microwave powers. The results demonstrated that applying a magnetic field led to a second-order Zeeman frequency shift,
while adjusting the microwave power improved the sensitivity and accuracy of the atomic clock's feedback system. These
findings contribute to enhancing the performance of atomic clocks in applications requiring extremely high precision.

Keywords: second-order Zeeman effect, double microwave-optical resonance, Rubidium atomic clock, error signal.
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Glucose sensing based on modulation depth in plasmonic resonance signal of gold thin film
Danial cheraghian, Arash shirshahi, Seyedeh Mehri Hamidi*

* m_hamidi@sbu.ac.ir

Abstract- In this study, our aim is to detect glucose using the surface plasmon resonance (SPR) phenomenon and a thin
layer of gold to achieve high sensitivity in detection. By employing SPR and utilizing the gold thin layer, we seek to
identify glucose at concentrations of 1.5 millimolar and 2 molar. Additionally, to enhance the received signal, we use
modulation depth in SPR signal. Our results show good resolution in low amount of Glucose in the samples.

Keywords: polymer, plasmonic resonance, gold thin film, Glucose.
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Noncollinear Second harmonic generation of Ti:sapphire femtosecond laser pulses

Fereshteh Hajiesmaeilbaigi*, Hosein Razzaghi, Eftekhar Sadat Bostandoost, and Reza Goodarzi

Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute, AEOI,
P.O.Box: 14395-836, Tehran - Iran

* fesmaeilbaigi@aeoi.org.ir , tbaigi2000@yahoo.com

Abstract- In this article, the second harmonic of a Ti:sapphire laser pulses with a bandwidth of 50 nanometers at the
central wavelength of 808 nanometers and a pulse duration of 50 femtoseconds at a repetition rate of 80 megahertz has
been generated using a BBO nonlinear crystal. A noncollinear geometry has been used to separate the generated second
harmonic from the fundamental beam. The angle of the two incidence beams on the nonlinear crystal is fixed at 10
degrees, and the generated second harmonic beam is emitted along the bisector of the angle between the two beams. The
intensity dependence, bandwidth, and the cross-correlation function of the generated second harmonic for combining
different polarization states of the two incident beams have been experimentally investigated. The second harmonic beam
has a bandwidth of 5 nanometers at the central wavelength of 404 nanometers, and the highest intensity produced
corresponds to a state where the polarization of the two incident beams is parallel to the polarization of the main beam.

Keywords: femtosecond, noncollinear, second harmonic generation, Ti:sapphire
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Simulation of Retrieval of Ozone Vertical Profile in Stratospheric Layer of Atmosphere by
Differential Absorption Lidar (DIAL)

Mojtaba Arjmand*, Abolhasan Mobashery, and Seyed Ayoob Moosavi
Faculty of Applied Sciences, Malek-Ashtar University of Technology, Isfahan, Iran

* arjmand.mj@gmail.com

Abstract- In this paper, we have retrieved the vertical profile of ozone at an altitude of 10 to 50 km considering an
atmospheric monitoring lidar system based on differential absorption lidar. In this regard, we firstly calculated the
attenuation and extinction coefficients due to ozone absorption and scattering from atmospheric molecules and aerosols.
Then, by selecting appropriate initial input and solving the lidar equation, the number of received photons at two
absorption (308 nm) and non-absorption (355 nm) wavelengths has been obtained. Finally, by solving the differential
equation related to the ratio of received signals at two wavelengths, the ozone profile has been recovered and the error
value relative to the actual ozone concentration has been determined.

Keywords: Differential absorption lidar, Error calculation, Retrieval of ozone concentration, Stratospheric layer.
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The Effect of Lateral Modes Mixing on the 980nm Diode Laser Facet Damage
S. Peyman Abbasi*, Arash Hodaei and Hooman Givkey

Iranian National Center for Laser Science and Technology (INLC)

* Pabbasi2001@gmail.com

Abstract- Broad area multi-mode structures are utilized in high power laser diodes (HPLDs). The mode mixing is one of
the main reasons of filamentation phenomenon. Filamentation can damage the facet mirror of laser diodes. Low modal
gain (LMG) structures, have the benefit of the lowered active layer optical confinement which prevent the beam
filamentation. In this paper, we investigated the optical power of each lateral modes in the waveguide with a broadened
asymmetric structure for 980nm InGaAs/AlGaAs/AlGaAs laser diode. The results show that three modes have dominated
other modes and they are stable in the designed structure. But the peaks of two even modes overlapped and created the
sharp intensity peak. In this research we show that the determination of the average intensity is not enough but the peaks
intensity must be determined for achievable optical power. The mode mixing causes sharp peaks in the near field and
creates melting areas on the facet, which ultimately degrades the lasers mirror.

Keywords: Lateral Modes, Low Modal gain, Asymmetric structure, Multi modes, Laser diode.
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1. Introduction

High power 9XXnm diode lasers are the significant
sources for direct and optical pumped source applications
like fiber lasers. These applications need high optical
beam output and efficiency and a beam with a small
divergence, that provide the high optical fiber coupling
efficiency [1]. HPLDs require long cavity length and
wide stripe. Nowadays, different arrangements of single-
emitter based beam combining systems are used for fiber
laser pumping [2]. Broad-area laser diodes (BALDs)
were designed to gain high output power. Though, in
broad-area laser diodes, lateral optical field confinement
is weak that allows higher-order output lateral modes
caused by injecting high input current. The lateral spatial
hole burning (LSHB) of the local gain causes the near-
field (NF) intensity and carrier density change [3, 4]. In
BALDs, multi-lateral modes affect far field profile,
divergence, brightness and lateral beam quality [S]. The
reasons for the low quality of BALDs are the number of
lateral modes, mode mixing, filamentation, Thermal lens
effect and other non-linear effects [6]. There are studies
about the laser operation in different lateral modes,
control of the lateral mode numbers and suppress the
higher order lateral modes [7]. It is noted that epitaxial
layer design can be affected by the lateral beam quality
of BALDs [8]. Low modal gain structures, have the
benefit of the lowered optical confinement which
suppresses the beam filamentation.

In this study, the long cavity, InGaAs/AlGaAs
asymmetric structure, is investigated in terms of lateral
modes. First, the near field of laser diode beam on facet
was investigated on different current by simulation.
Second, the modal optical power for each mode is
estimated. Finally, the laser chip is fabricated upon the
standard process and mounted on the heatsink and the
near field profile on the front facet and the effect of the
local heat on the facet is investigated experimentally. The
proposed structure of the laser diode was simulated by
PICS3D software [9]. The simulator uses 8*8 k.p method
to calculate the band structure in the quantum well. In the
simulation, nine lateral optical modes were calculated.

2. Laser structure

The cavity length and the stripe width of the laser diode
chip are 100um and 4000um respectively. the injection
current lateral confinement was done with the 300
microns SiO2 insulator depth. The front and back mirror
reflectivities of laser diode are 5% and 95% respectively.
The laser diode chip mounted on a sub-mount by AuSn
solder. The sub-mount was packaged on a CuW heatsink.
Thermoelectric controller (TEC) controls the heatsink
temperature. (Fig. 1).

Wirebonds
Vertical

Lateral

Substrate

n-clad
Multimode

n-WG “‘ Beam
WG

L lad
p-cla
Insulator "

p-contacte———
AuSn Solder  stripe

n-contact

Heatsink

Fig. 1: Schematic of a laser diode chip on the heatsink
(submount). The pictures is not in scale.

3. Simulation Results

The refractive index profile of the asymmetric structure
and the optical field of the fundamental vertical mode are
shown in Fig. 2. The fundamental mode confinement
factor is near 1%.

11.00

=0.009816 R4
3.7- 13

(=1
=1
u

Normalized Int

o

n
o
i

Refractive Index
=
o
n

Position (um)
Fig. 2: Refractive index profile and vertical optical field profile

While the modal gain decreases with the confinement
factor in a linear manner, the gain is decreased in
filaments far more rapidly, so low confinement factor
structures are used to suppress the filamentation. The
confinement factor and optical power of each mode are
shown in figure 3.
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Fig. 3: Modal power versus current (right) and confinement
factor for each mode (left).
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The confinement factor of modes 4, 5 and 9 are higher Table 1. A comparison between the simulation and

than the other modes. It is noted that consideration of
transversal confinement factor is not enough to recognize
dominate modes. The low-order modes are fully
contained within the stripe width and higher order modes
are extended outside the pumped region and have a
reduced lower modal gain. The lateral modes number 4,
8 and the fundamental mode have a larger portion of the
optical power. The optical power of other modes can be
neglected so the final profile is the result of mode mixing
of three modes (modes 4, 8 and 1).

The 2D final near-field profile and 1D lateral profile in
8000mA operating current is shown in figure 4.

Stripe

1M

intensity {arb.)
=
-

n-Clad

Substrate

o 10 200 300 a0 500 5w o o0 sk w0
Lateral Position (Microns)

Fig. 4: near-field Profile in 8000mA operating current
(I=201Ith)

4. Experimental Results

The laser diode chip was fabricated and mounted on a
sub-mount by AuSn solder. The sub-mount was package
on CuW heat sink. TEC controlled the heat sink
temperature. experimental LIV characteristics is shown
in figure 5 at 300K.

99 980nm L=4mm _.lmn
| ™ 1B
- o ’ ——— 5l
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Current (A)

Fig. 5: Experimental results of Light-Current-Voltage (LIV)
characteristics.

Table 1 represents a comparison of the simulation and
experimental results at [=8000mA. There is a good
agreement between the results. For comparison, the
intensity profile of the laser diode is shown in figure 6 for
simulation and experimental results.

experimental results in laser diode characteristics.

parameters Sim Exp | unit

Optical output | 6200 5800 | mW
power

Threshold current | 520 610 mA

PCE 58 62 %

Slope efficiency 1.00 1.02 | W/A

Series resistance 78 63 mQ

—— Simulation

20 ++++ Experimental (sample 1)
o~ -
= -
o - 1%
= 15- pogipke e
= LV AV LAY
2 10 o o Y
w . . ", - o
§ L -
- W
o0t .

200 220 240 260 280 300
Lateral position (Microns)

Fig. 6: Comparison between experimental results and
simulation results for Laser diode lateral near field profile

The maximum achievable optical output power Pewmax
is determined by [10]:

d 1-R¢

W, Peomp, )

Pewmax = 4Ry

where d and T’ show the thickness and the confinement
factor of the QW, respectively, W is the width of the
stripe, Ry is the front facet reflectivity, and Popmp is the
catastrophic optical mirror damage level that is specified
by experiment for different materials of the active layer
and can be found in [10]. Upon this equation the
maximum output is 9.2W, but in the experimental failure
test the degradation occurred at 7.4W. Although the
average intensity is about 9MW/cm2, the peak intensity
is 17MW/cm2, which is almost equal to the COMD level.
So, for determination of the maximum achievable optical
power, the peak intensity at the facet must be considered.
The image of the front facet after degradation is shown in
Figure 7. There are a few melting regions within the
output mirrors. The melting regions originated from the
increase of the local temperature at the mirror. Usually,
photon reabsorption and non-radiative recombination of
carriers at the surface of laser diode facet are two main
reasons of this effect [4].
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Fig. 7: Images of front facet showing melting regions.

5. Conclusion

In this paper, the lateral modes in the 980nm broadened
asymmetric waveguide laser diode structure have been
investigated. The main target of this research is to find
the relationship between the mode mixing and facet
damage in the laser diode. The results show that three
modes are dominated. But the peaks of two even modes
(modes number 4 and 8) overlap. This phenomenon
causes sharp peaks in the near field and creates melting
areas on the front facet, which ultimately degrades the
lasers diode mirror.
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Using Eclipsing Z-scan technique for determining the fifth order nonlinear refractive index
Saeid Shahini*, Aliasghar Ajami**

Faculty of Physics, Semnan University, Semnan, Iran.
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Abstract- By replacing the aperture in the closed aperture (CA) Z-scan with an opaque disk, the modified version of Z-
scan namely the eclipsing Z-scan (EZ-scan) significantly enhances the peak-valley transmittance difference yielding a
much greater measurement sensitivity than that observed with CA Z-scan at the similar conditions. This paper introduces
the EZ-scan technique as a highly effective method for determining the fifth-order nonlinear (NL) refractive index of
materials. The study highlights the higher sensitivity of the EZ-scan method for precise measurements and compares the
sensitivity of CA Z-scan and EZ-scan. While an analytical relation for normalized transmittance can be derived for CA
Z-scan, this is not feasible for the EZ-scan technique. Instead, an empirical relationship is proposed to determine the fifth-
order NL refractive index from EZ-scan measurements. The proposed relation links the peak-valley transmittance
difference, the fifth-order NL phase shift, and the disk obscureness, demonstrating that increased disk diameter improves
sensitivity. This advancement provides a valuable tool for researchers in NL optics to determine the fifth order NL
refractive index easily and precisely once the normalized transmittance of the EZ-scan is measured.

Keywords: Z-scan technique, Eclipsing Z-scan, Nonlinear optical properties, Nonlinear refractive index
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1. Introduction

The nonlinear (NL) refractive index is an intensity-
dependent property of materials that causes a change in
the refractive index due to intense light-matter
interaction. This variation in refractive index can give
rise to various phenomena, including self-phase
modulation, cross-phase modulation, self-focusing, and
self-defocusing, each of which holds significant practical
relevance. These NL optical effects have enabled
advancements in applications such as optical limiting and
all-optical switching, a key component in photonic
communication systems and signal processing [1].

Among various methods proposed for determining the
NL refractive index, the Z-scan technique stands out due
to its simplicity and high precision, making it a widely
preferred approach in NL optical studies [2, 3]. In the
closed aperture (CA) Z-scan version the sample is
scanned along the propagation direction of a tightly
focused laser beam while the power transmitted through
a small aperture placed after the sample is measured as a
function of the sample position. The resulting signal
typically exhibits a characteristic valley-peak pattern for
a positive NL refractive index or a peak-valley sequence
for a negative NL refractive index.

In the eclipsing Z-scan (EZ-scan) technique, the aperture
is replaced by an opaque disk, and the power transmitted
around the disk is measured as a function of the sample
position [4-6]. Since the intensity of a Gaussian beam
decreases away from its center, changes in power
transmitted around the disk are highly sensitive to
variations in the beam size. Consequently, the sensitivity
of the EZ-scan technique is much greater than that of the
CA Z-scan method [7].

In this work, an empirical relationship is proposed to
determine the fifth-order NL refractive index by
measuring the maximum and minimum transmittance
values of the EZ-scan signal.

2. Theory of Z-scan

In the Z-scan technique, the NL sample acts as a
diffractive plane. Consequently, the electric field
distribution on a plane positioned sufficiently far from
the sample can be determined using the Fraunhofer
diffraction integral.

E (z,r) :.LIJO(kl)Ee (z,r")2xzrdr'
iAd 5 d (5)

E,=E, exp(i AD)

where is the electric field on the

exit surface of the sample, E, is the electric field
incident on sample, A® =kLAn s the NL phase
k=2r/2

change along the sample, is the wavenumber,

A is the laser wavelength, L s the sample thickness,

An =n,I with ™2 the third order NL refractive index or

_ 2
An =n,I with "4 the fifth order NL refractive index

and { is the intensity.
The normalized transmittance through an aperture can

then be defined as

“E(r,z,AD 2ra’r
i [E .z ,00)

T(z)=

I(: E(r,z,AD = O)|2rdr ©

where ’a is the aperture radius.

Similar to Eq. (2), the normalized transmittance for EZ-
scan can be defined by integrating the intensity from the
edge of the obscuring disk to infinity.

T(z)= j .
[z, a0 =0) rdr

2
E(r,z ,ACD)| rdr

(N

where "¢ is the disk radius.

Employing Egs. (6) and (7), the normalized transmittance
is obtained for CA Z-scan and EZ-scan by substituting

A® =kLn,I
AD =kLn,I*

in the case of third order nonlinearity or
in the case of fifth order nonlinearity.

Further calculations reveal a relationship between the NL
phase change and the peak-valley transmittance
difference in the Z-scan technique when using a Gaussian
laser beam. In CA Z-scan, for a medium with third-order

AT, =0.406(1-S,)"*|Ad,|

nonlinearity and for a
medium with fifth order nonlinearity
AT, =021(1-S,)"”|A®

P ( 2) | 0| where
AT, =T __-T._.

P max.©omin denotes the peak-valley

transmittance  difference, S is the aperture

S, =[1-exp(-2w>/r})] and

transmittance given by
W is the beam radius on the aperture plane.

In the EZ-scan performed for a medium with third order

AT, =0.68(1-S,)""|Ad,|

nonlinearity where
S =|1—exp(-2w */r?

d [ p( / ¢ )] denotes the disk
obscureness.
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Figure 1 compares the normalized transmittance E 1B ees zdjg:: i
measured by CA Z-scan and EZ-scan for a fifth-order NL b= i M °:0'995
phase change of 0.1 rad. The red curve represents the CA st il o £
Z-scan signal with a small aperture transmitting 1% of c 121 Aw=015 I3 “.:Ji
the laser beam power, while the blue curve corresponds ’.; 11+ ;
to the EZ-scan signal, where a large opaque disk blocks .g 1/04
99% of the beam power. © 0/9- N
£ oss- LS
1/30 1/020 2 o £
——EZ-scan ] L
11254 -1/016 0/6
——CA Z-scan 7

1/20+
1/154
1110+
1/054
1/00-
0/95+
0/90

L1/012
-1/008
- 1/004
-1/000
- 0/996
-0/992
0/85
o/g0] S.=0.99 -0/988
0754 S,=0.01 -0/984
070 +—+——+——+————+——+———+——+-+0/980
4 3 2 40 1 2 3 4
Sample Position(7/7,)

Ao =-+0.1

Normalized Transmittance
Normalized Transmittance

Fig. 1. Normalized Transmittance assuming a fifth order phase
change of 0.1 rad. Red curve indicates the CA Z-scan signal
and blue curve represents the EZ-scan signal.

As shown, the peak-valley transmittance difference in
EZ-scan is approximately 25 times greater than that in
CA Z-scan, resulting in significantly higher sensitivity
for determining the NL refractive index. To establish an
empirical relationship between the peak-valley
transmittance difference, fifth-order NL phase change,
and disk obscureness, the normalized transmittance was
computed using Eq. (3) for varying phase changes and
disk obscureness. Figure 2 illustrates the EZ-scan
normalized transmittance for a fifth-order NL phase
change of 0.15 rad, considering disk obscureness of
S=0.95, 0.98, 0.99 and 0.995. The results demonstrate
that as the disk obscureness increases, the peak-valley
transmittance difference becomes more pronounced,
thereby improving the sensitivity of the technique.

4 3 2 4 0 1 2 3 4
Sample Position (Z/7,)

Fig. 2. EZ-scan normalized transmittance for different disk
obscureness.

Figure 3 illustrates the EZ-scan normalized transmittance
for varying fifth order NL phase change considering a
large opaque disk blocking 99% of the laser beam power.
As anticipated, the peak-valley transmittance difference
increases with increasing the fifth order NL phase
change.

169 — A®.=0.05
U5 -~ - AD=0.1 i
1/4-
1134
1124
111+
1/0-
0/9
0/8-
0/74
0/64

Normalized Transmittance

4 3 2 4 0 1 2
Sample Position (Z/Z)

w
b

Fig. 3. EZ-scan normalized transmittance for different fifth
order NL phase change.

Fig. 4 exhibits the Peak-valley transmittance different
versus disk obscureness assuming a fifth order NL phase
change of 0.05 rad.
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0/7{ —Fitcurve The normalized transmittance for two versions of Z-
0/6 4 AD =005 scan, namely CA Z-scan and EZ-scan, was calculated and
:__E 015 ’ compared for fifth-order nonlinearity. The results
| indicate that the measurement sensitivity of EZ-scan is at
304+ least 25 times greater than that of CA Z-scan. While an
. 073 analytical relation for the normalized transmittance as a
:z“ o2 function of sample position can be derived for CA Z-
scan, this is not possible for EZ-scan. Therefore, we
0114 = proposed an empirical relation that enables the
ood ¢ determination of the fifth-order NL refractive index once

0/81 0/84 0/87 0/90 0/33 0/96 0/99
Disk Obscureness (S,)

Fig. 4. Peak-valley transmittance different versus disk
obscureness.

The circles in Fig. 4 show the calculated data points and
the solid blue line represents the fitted curve described by

AT, =04(1-S)""|Ad,|

Further investigation reveals that the proposed empirical
relation remains valid for larger NL phase change up to
approximately 0.2 rad for large disk obscureness in the
range of 09<§,<0.995 )

Fig. 5 illustrates the Peak-valley transmittance different
versus NL phase change for different disk obscureness of
0.98, 0.99 and 0.995. The straight lines represent the
linear fit given by the proposed relation

AT, =04(1-8)""|Ad,| o o
confirming its validity

within the range of investigation.

1/4{ © Datapoints S,=0.98

@ Data points S, = 0.99 > g
121 & Data points S, =0.995 i
£ 1/0] ——Fitcureve s, = 0.98 i
:_I' -=-~- FitCureve S, =0.99 ’_;"" ".ﬂ
P 0/84....... Fit Cureve S,=0.995 “f_,..-' "_,
. 0/
&
= 0/44
0/24
0/0+

0/00 0/04 0/08 0112 016 0/20
AD, (rad)

Fig. 5. Peak-valley transmittance different versus fifth order
NL phase change for different disk obscureness.

the normalized transmittance for EZ-scan with a known
disk radius is measured.
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Improving the coupling efficiency of light transmission between the chip and optical fiber
using apodized grating coupler

Faezeh Pakfetrat*, Mahdi Bahadoran**
Shiraz University of Technology, Physics Department, Shiraz, Fars, Iran

* Pakfetrat.f@gmail.com, ** Bahadoran@sutech.ac.ir

Abstract- Grating couplers enable maximum light transmission between the optical fiber and the chip. In this research, a
stair grating coupler was proposed and designed that is made of silicon waveguide on a silica substrate. Our goal is to
investigate the maximum transmission conditions of an in-plane wave from the waveguide chip to the SMF-28 single-
mode optical fiber, which is located at a certain distance above the chip. The design and simulations were done in 2D in
Lumerical software of FDTD section. The designed grating is an arrangement of two-stair grating with different
dimensions, which has a total length of 15100 nm. The proposed configuration resulted in a coupling efficiency of 70%
and a bandwidth of 90 nm at the telecommunication wavelength of 1520 nm.

Keywords: Bandwidth, Coupling efficiency, Grating coupler, Optical fiber, Telecommunication wavelength
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Investigating optical properties and electrostriction effect of silver nanoparticles synthesized
with the extract of EchiumamoenumFisch. &C.A.Mey.
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3Department of Physics, Central Tehran Branch, Islamic Azad University, Tehran, Iran

* hamidakherat@gmail.com

Abstract- In this research, silver nanoparticles were produced by the green synthesis method using the extract of the borage plant
(EchiumamoenumFisch. &C.A.Mey.). The extract of this plant contains anthocyanin compounds, polyphenols and vegetable stearic
fatty acids and was used as a reducer and stabilizer in the production of silver nanoparticles. Characterization of nanoparticles was
done using dynamic light scattering (DLS), UV-Visible spectroscopy and Z-scan method. The measurements showed that stable
nanoparticles with a size of about 54 nm were synthesized and the use of this extract was successful. Adding a few drops of the extract
to the nanocolloid resulted in a higher resolution of the localized surface plasmon peak (LSPR). The results of nonlinear optical
measurements showed that the silver nanoparticles produced by this method exhibit thermal lensing effect behavior and saturable
inverse absorption, which is related to the electrostriction effect. This green synthesis method can lead to the production of stable and
high-performance silver nanoparticles and is considered as an environmentally friendly and low-cost method for the production of
nanoparticles in electro-optical devices.

Keywords: Localized surface Plasmon, Z-scan method, Ag nanoparticles, electrostriction effect
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Edge Detection by Orbital Angular Momentum in the Selective Computational Ghost
Imaging

*Sajjad Rajabi-Ghaleh!, **Sohrab Ahmadi-Kandjani', ***Reza Kheradmand', and ****Babak Olyaeefar?
"Faculty of physics and RIAPA, University of Tabriz, Tabriz, Iran
2UNAM - Institute of Materials Science and Nanotechnology, Bilkent University, Ankara, 06800, Turkey
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****Babak.olyaeefar@unam.bilkent.edu.tr

Abstract- Ghost imaging is one of the conventional methods in the field of imaging that has received attention in recent
years. In this imaging, the object is not placed directly in front of the camera. In our work, the effect of orbital angular
momentum (OAM) of light in selective computational ghost imaging (SCGI) with a classical source has been investigated.
By applying the OAM of light on an object and using the correlation between OAM, it was possible to reveal the edges
of the object, and the effect of the orbital angular momentum of light has been theoretically investigated in selective
computational ghost imaging. The obtained images have been checked with/without applying OAM. The results show
that in the images with OAM, the edges of the object are fully visible and have better quality than the case without OAM.

Keywords: Computational ghost imaging, Orbital angular momentum, Edge detection, SNR
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Controlled electromagnetically induced focusing in an optical atomic waveguide

*Parvin Lotfi sooha, **Mostafa Sahrai, *** Azar Vafafard
Faculty of Physic, University of Tabriz, Tabriz, Iran

*Parvinlotfi@tabrizu.ac.ir, **sahrai@tabrizu.ac.ir, ***vafafard@tabrizu.ac.ir

Abstract- We present an exclusive method to adjust the light focusing. The proposed model contains a four-level double
V-type quantum system near a plasmonic nanostructure (PN) that interacts with a weak probe light, and couples to an

excited state by a control light with a Laguerre-Gaussian (LG) profile. We have examined the non-diffracting propagation

of the Gaussian probe field through the proposed atomic system. We first studied the effect of PN on the optical properties
of the atomic system. Then, Applying the LG control beam provided a spatially modulated refraction index in the atoms,
which can create an optical waveguide-like structure inside the atomic medium. The proposed all-optical waveguide with
high contrast can be used to implement applications such as image transfer through the medium and image processing.

Keywords: Laguerre-Gaussian, light focusing, non-diffracting, plasmonic nanostructure, quantum system
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Wavelength tuning of a dye laser with a birefringent crystal filter
M. R. J. Milani

Photonics and Quantum Technologies Research School, NSTRI, Tehran, Iran

* mmilani@aeoi.org.ir

Abstract- A quartz birefringent crystal with an optical axis in the crystal plane was used inside the dye laser cavity

L .
containing a rhodamine 6G solution in ethanol @ 107 mol/lity, type jts wavelength. The dye laser was pumped by the
second harmonic of a Q-switched Nd:YAG laser. With this setup, wavelength tuning was achieved in the range of 587

nm to 597 nm. Additionally, the pulse width (FWHM) of the dye laser in this wavelength range was measured 6%1ns,

Keywords: Dye laser, birefringent crystal filter.
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Investigating of nonlinear refractive index of silver/silica nanocomposite synthesized using
reduction method by silicon nanoparticles

Majid Taheri*

Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute, Tehran

* majidtaheri61@yahoo.com

Abstract- In this study, silicon nanoparticles are prepared using laser ablation in ethanol and used as a reducing agent in
the synthesis Silver/silica nanocomposite. For the synthesis of silicon nanoparticles, the laser ablation method in ethanol
using a Nd:YAG pulsed laser with a pulse width of 18 nanoseconds has been used. The produced nanocomposite has been
characterized by Uv-Visible spectroscopy and transmission electron microscope images. The silver/silica nanocomposite
produced by this method is spherical and has an average diameter of 15 nm. The nonlinear refractive index of silver/silica
nanocomposite has been studied using z-scanning method. The value of nonlinear refractive index is estimated to be about
2.59 x 107 cm¥/W.

Keywords: Laser ablation, Nanoparticle, Silicon, Nonlinear refractive index, Silicon
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Design and Fabrication of a Photo Multiplier Tube Detector Driver for use in an Underwater
Lidar System Receiver

M.Zamani

Optic & Laser Research Center, Malek-Ashtar University of Technology, Shahin Shahr, Isfahan
* zamaniS7@mut-es.ac.ir

Abstract- In this paper, the setup of a photo multiplier tube detector for use in the optical receiver of an underwater lidar
system is investigated. The photo multiplier tube detector driver consists of two parts: a high voltage power supply and a
voltage divider circuit. This detector has been installed on the optical receiver of the lidar system and tested together with
other parts of the lidar system in a water pool environment. The results of practical tests have confirmed the correct
operation of the built driver.

Keywords: Driver, Lidar, Optical Receiver, Photo Multiplier Tube (PMT), Power Supply
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Effective conversion of propane gas into hydrogen via laser-induced breakdown assisted by
spark discharge

Fatemeh, Ahmadinouri; Parviz, Parvin*®

Department of physics and Energy Engineering, Amirkabir University of Technology, Tehran

Abstract- Today, the combustion of hydrocarbons results in the release of substantial carbon dioxide into the atmosphere,
leading to environmental pollution. Discovering an efficient method for converting hydrocarbon gases into cleaner
compounds, while minimizing greenhouse gas emissions, has captured scientific interest. In this study, spark discharge
combined with laser-induced plasma (SD-LIP) in the presence of palladium (Pd) catalyst is proposed for the conversion
of propane to hydrogen. The results demonstrate that this process efficiently converts propane to hydrogen, significantly
reduces breakdown voltage, and consequently lowers the input energy required compared to similar methods.

Keywords: Gas conversion, hydrogen production, spark discharge, laser-induced plasma, propane.
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Investigating a dust event using simultaneous lidar and sun-photometer measurements close
to Urmia Lake

Salar Alizadeh!, Ruhollah Moradhaseli?, Ali Bayat®, and Hamid R. Khalesifard'
! Department of Physics, Institute for Advanced Studies in Basic Sciences, Zanjan, Iran
2 Department of Physics, Zanjan Branch, Islamic Azad University, Zanjan, Iran
3 Department of physics, University of Zanjan, Zanjan, Iran.

salizadeh(@iasbs.ac.ir, r.moradhaseli.iauz@gmail.com, abayat@znu.ac.ir ,khalesi@jiasbs.ac.ir

Abstract- This article examines the dust storm of May 16, 2022, in the Urmia Lake region. The simultaneous
measurement of a polarization lidar located on the coast of Urmia Lake and the Calitoo sun-photometer have been used
to investigate the dust event. The lidar measurement indicates the presence of atmospheric particles plume up to a height
of ~3 km above ground level. The particle depolarization ratio of the plume is equal to ~0.3, and the maximum mass
concentration of the dust plume has reached 4 mg/m?. The maximum aerosol optical depth (AOD) is equal to 0.4, plus
the Angstrom exponent (AE) below zero indicates the presence of coarse particles in the region, from simultaneous
measurements with the sun-photometer. The horizontal visibility has decreased to 1.4 km, and the wind speed has
increased to 10 m/s. During this dust event, the northwest of Iran was affected by lofted dust from dust sources the Tigris
and Euphrates Basin, and the Syrian Desert.

Keywords: dust storm, lidar, sun-photometer, Urmia Lake
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Synthesis and Optimization of Methylammonium Lead Bromide Perovskite Layer as a Pure
Green Light Emitter

Mohammad Bazrafshan!, Shadi Firozyar!, Reihaneh Nabizadeh Arbabi!, Bijan Ghafary', Shahab Norouzian Alam®!
! Optoelectronics Research Centre, Physics Department, Iran University of Science and Technology, Tehran

m_bazrafshan@physics.iust.ac.ir , firozear@chmail.ir , ghafary@iust.ac.ir , norouzian@iust.ac.ir

Abstract- In this article, the thin layer of Methylammonium Lead Bromide perovskite material (MAPbBr3) was
synthesized utilizing three different anti_solvents. By examining the ultraviolet spectrum of the samples and
Gauss_Boltzmann fitting on the graphs, as well as using the photoluminescence spectrum of the layers, the effective
energy band gap and the exciton binding energy were determined and analyzed. Finally, chlorobenzene has been
introduced as the best antisolvent for the synthesis of optimal layers with oxidative bonding energy and high colour purity
at a wavelength of 537.3 nm, which promises bright horizons in the applications of pure green light optical emitters.

Keywords: Methylammonium Lead Bromide, Perovskite, Photoluminescence, Thin Film.
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Implementation of a Fluorescent Confocal Microscope and investigating color centers as local
photon emitters in 2D crystals of hexagonal Boron Nitride

Pouyan Minaei!, Morteza Jafari Siavoshani', Ali Esfandiar!
1- Physics Department, Sharif University of Technology, Tehran, Iran

Pouyan.minaei@physics.sharif.edu , m.siavashani@sharif.edu , esfandiar@sharif.edu

Abstract- Photon Emitters have become increasingly important in recent years due to their various key roles in quantum
technologies. An important family of photon emitters is color centers in solids. In this article we will report
implementation of a fluorescent confocal microscope as a tool for investigating local photon emitters. This microscope
can obtain confocal map from samples with emission power in femtowatt regime. Finally, we will discuss characterization
of the emission pattern of a local photon emitter on 2-dimentional hexagonal Boron Nitride crystal.

Keywords: Emission pattern, Fluorescent Confocal Microscope, Local photon emitters, 2D- hexagonal Boron Nitride
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No-slip rotation liquid films: Liquid spiral phase plates
Mohaddeseh Mohammadi Masouleh”, Saifollah Rasouli*, and Reza Shirsavar™

Physics Department, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan

* m.mohammadi.m@jiasbs.ac.ir , ** rasouli@jiasbs.ac.ir , *** rezashirsavar@yahoo.com

Abstract- In this study, the no-slip rotation of liquid films with a weak electric current, a relative permittivity greater than
half that of the frame, and under a strong constant external electric field was observed. This rotation produces spiral
interference patterns, indicating a spiral thickness variation in the azimuthal direction alongside the inherent spherical
surface geometry in these liquid films. Mathematical analysis of the film surfaces suggests that they can function similarly
to spiral phase plates, imparting integer or non-integer orbital angular momentum to the incoming beam and generating
optical vortex beams.

Keywords: Liquid film, no-slip rotation, optical vortices, spiral phase plates, spiral thickness.
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Rapid synthesis and investigation of luminescence performance of CsPbClz@GO perovskite
nanocomposite at room temperature

Yegane Sadat FatemiPanah'; Sanaz Alamdari?; Mohammad Hossein Majles Aral*
! Faculty of Physics, Kharazmi University, Tehran 15719-14911, Iran

2 Department of Nanotechnology, Faculty of New Sciences and Technologies, Semnan University, Semnan 35131-
19111, Iran

*majlesara@khu.ac.ir, majlesara@gmail.com

Abstract- In this research, using the sol-gel method, CsPbCls perovskite nanoparticles were first synthesized and
optimized, and then graphene oxide was incorporated into it and finally nanocomposite was made. Optical and structural
characterization methods such as PL, XRD and DRS were used to investigate the luminescence properties, compositions
and nanostructure of the prepared samples. Based on the obtained results, this nanocomposite can be used as a material
with strong luminescence properties in photonics.

Keywords: Luminescence, Nanoparticles, Perovskite, Synthesis.
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Design and contruction of dispersive Infrared spectrograph
Abolhasan Mobashery, Maede Mollaaghababayi

Optic and Laser Science and Technology Research Center, Malek-e Ashtar University of Technology, Isfahan

mobashery59@yahoo.com , maede.babayi.74(@gmail.com

Abstract- The absorption of many gases is in the mid-infrared optical region. The most widely used spectrometer in this
area is the FTIR device, which usually has large dimensions and weight. In this article, an infrared dispersive spectrometer
system has been designed and built in the wavelength range of 3000-45000 nm. Compared to FTIR devices, this
spectrometer has smaller dimensions and volume, and it can be easily moved. The spectral resolution of the spectrometer
is considered to be 20 nm. The 5th diffraction order of helium-neon laser has been used to align the optical elements of
the spectrometer, which corresponds to the first diffraction order of 3150 nm wavelength. To measure the accuracy of the
spectrometer performance, the acetylene gas has been detected at wavelength of 3150 nm. The intended device correctly
shows the absorption of radiation by this gas.

Keywords: infrared spectrograph, diffraction grating, acetylene, optical design
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Determining the threshold power and optimal time femtosecond pulsed laser radiation in
1040 nm for the Centella plant protoplast fusion

Nastaran Kahrarian', Zeynab Torki?, Masoud Tohidfar?, Atoosa Sadat Arabanian', Reza Massudi'
Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran'

Faculty of Biological Sciences and Technologies, Shahid Beheshti University, Tehran, Iran?

n.kahrarian@Mail.sbu.ac.ir , z_torki@sbu.ac.ir , m_tohidfar@sbu.ac.ir , a-arabanian@sbu.ac.ir , r-massudi@sbu.ac.ir

Abstract- Protoplast fusion technology is a biotechnological approach for plant genetic enhancement, used to create new
genetic hybrids through various artificial methods. The primary challenge in the cell fusion process under laboratory
conditions is enhancing its efficiency without resorting to chemical additives. With the advent of femtosecond lasers with
high peak power in the near-infrared range, cell fusion has become possible with very few side effects. In this study, the
experimental investigation of the possibility of Centella plant protoplast cell fusion by femtosecond pulsed laser with a
wavelength of 1040 nm and the determination of the threshold power and optimal irradiation time are discussed.
Experimental findings indicate that cell fusion of protoplast is achievable at 54 mW power with pulse energy of 2.35 nj,
and exposure times between 15 to 20 seconds.

Keywords: Centella plant protoplast, threshold power, femtosecond laser, cell fusion
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Fabrication of photonic waveguides in positive photoresist substrate using direct laser writing
method

Shekoofeh Heshmat!, Khosro Madanipour!, Mohammad Ahmadi?
'Department of Energy Engineering and Physics, Amirkabir University
2Optical Measurement Laboratory, Amirkabir University

shheshmat(@aut.ac.ir, madanipour(@aut.ac.ir, m.ahmadi369@yahoo.com

Abstract- Photonic waveguides can be considered as the main elements for guiding and transmitting light. The polymer
material known commercially as Shipley, a positive photoresist, offers advantages such as low cost, high adhesion, defect-
free uniform coatings, and a flexible structure. This article presents a method for creating planar photonic waveguides
using the positive Shipley photoresist. Using Lumerical software and considering the optical properties of Shipley,
waveguides were designed for optical transmission at a wavelength of 1550 nm. A waveguide with a width of 2
micrometers and a thickness of 4 micrometers was fabricated using a 405 nm wavelength diode laser with adjustable
power up to 150 mW, employing the direct laser writing method. These waveguides can be used in optical biosensors.

Keywords: Shipley polymer, Direct Laser Writing, Positive photoresist, Optical waveguide
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Comparison of coherent population trapping through stimulated Raman adiabatic passage
technique in lambda, ladder, and V-type three-level atomic configurations

M.Javad Mohammadpour Nashrudkoli*, Elham Hosseini Lapasar

Faculty of Sciences, University of Guilan, 4199613776, Rasht, Iran
* mj.mohammadpour99@gmail.com , elhamhosseini@guilan.ac.ir

Abstract- We discuss the coherent population trapping through stimulated Raman adiabatic passage technique in lambda,
ladder, and V-type three-level atomic configurations, where the Hamiltonian of each system is defined in the SU(3)
representation. By introducing the decay terms following the phenomenological approach to the optical Bloch equations
for each coupling pattern, we investigate the temporal evolution of the population of each discrete state through numerical
methods. We indicate that coherent population trapping is achieved only when the state's coupling patterns designate the
excited state as the dark state. In this context, the Raman transition represents the most optimal scenario.

Keywords: Coherent population trapping, Dark state, Optical Bloch equations, Raman transition, Stimulated Raman
adiabatic passage
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Introduction

One of the phenomena caused by atomic coherence and
quantum interference is coherent population trapping
(CPT) in atomic and molecular systems [1]. In this
phenomenon, the energy of atoms can be controlled and
manipulated by using laser fields. The physical and
chemical properties of the atomic and molecular systems
are characterized by the distribution of the electron
population at discrete energy levels. The change in the
population distribution among each energy level of the
discrete system must be steady. We must be able to trap
the population at the desired levels depending on the
application, and require proper to have enough time to
exploit the system. Efficiency in changing the energy of
a discrete system requires the controllability of the CPT
process. One of the most powerful methods was
presented by Gubatz et al. in 1990 with experimental data
on the basic underlying theory, which is called induced
Raman scattering for the excitation of molecular
vibrations [2]. Following the discussion of the condition
for adiabatic evolution, which was discussed by
Kuklinski et al. in 1989 [3], the “Stimulated Raman
adiabatic passage (STIRAP)” technique was introduced.
STIRAP technique, which allows efficient and selective
CPT, is a technique for high-efficiency population
transfer between discrete quantum states [4]. A subset of
the important applications of realizing CPT through
STIRAP, is robust quantum gate operation without
suffering loss due to spontaneous emission, can be
achieved when the excited state is the dark state of the
system. Most studies have focused on the lambda-type
configuration [4]. In this contribution, we compare the
CPT through STIRAP across these three configurations.

The model

Here we study the evolution of a system caused by the
interaction of three levels of an atom with two EM laser
fields. Since the coupling of the levels occurs through the
coherent light of the laser, we adopt a semiclassical
approach. It is important to note that in Fig. 1, the
numbering of the states is defined by their sequence in
the three-state chain (1-2-3), rather than by their energy
levels E;. The relative ordering of energies is irrelevant
when the rotating wave approximation (RWA) is applied.
In the V-type configuration, the initial population is
typically located in the middle of the chain, specifically
in state |2), while in the other configurations, state |1)
holds the initial population. The evolution of the system
in the interaction representation is governed by the
master equation

dpA _

i ~
o = R lPA HA A, (1

where A = A, E,V, and HA is the effective Hamiltonian
matrix for the system and its interaction with the pulsed
fields. Levels coupled with the applied fields have

dipole-allowed transitions; so the |1)—|3) transition is
forbidden for all three configurations due to parity.

i)

8450 3.

(a) (b) (©

Fig. 1: (a) A-type, (b) E-type, and (c)V-type configuration
patterns, interacting with the two coherent Pomp- and
Stokes-field at frequencies wp and wg, with Ap and Ag as
detuning parameters, respectively. which A = Ap and &,
represent a single- and two-photon detuning. Polarization
decay rates from each excited level are also shown.

In the RWA, the effective Hamiltonian for the lambda,
ladder, and V-type configurations is given by

0 -—gp 0

HA=n (—gp A —8s > 2
0 —gs A—Ag
0 -—gp 0

HE = h(—gp A —8s ) 3)
0 —8s A + AS
0 —8p 0

HY = fl(‘%P -A —gs > 4)
0 —8s AS - A

with SA =A—As, 85 =A+As, and SV =AS—A,
respectively. gp and gg are Rabi frequencies of the
driving fields P and S, respectively.

Optical Bloch equations of the three-level atomic
systems

Eq. (1), which leads to the optical Bloch equations
(OBE), is based on the density matrix formalism. One of
the main criteria for comparing the three possible
configurations of the three-level atomic system is their
robustness against spontaneous emission from the
excited states, by introducing the decay terms following
the phenomenological approach to the OBE, for each of
them. In Eq. (1) A‘g is the irreversible part that describes
the effects of spontaneous emission and other collisional
relaxation processes, where related to the population
transition rates Wy; and polarization decay rates y;j, which
follows the relation [5]

Vi =5 i Wik + Wi, (5)

for coherence terms. We have neglected thermal-
excitation probability because the energy between levels
is considered larger than KT.
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We consider the master equation with the Hamiltonian
Eq. (2) given by Eq. (1), and the corresponding decay
rates in Eq. (5) through a phenomenological approach, to
obtain the OBE of the lambda configuration as follows

p11=igp(P21—P12 )+ W21 P22

p22=igp(p12—p21 ) +igs(p32—p23 )~ (W21+W33 )p22
p33=i8s(P23—p32)+ W23 P22 (6)
p12=1Ap12+igp(P22—-P11)—i8SP13—Y12P12
P32=1Ap32—igpp31+igs(P22—P33)—V32P32

p13=igpp23—igsp12

P21=P12 P23=P32, P31=P13,

according to Eq. (1) and Eq. (3), for the ladder
configuration, we have

P11=i8p(P21—-P12)+W21p22

P22=i8p (P12—P21)+i8s(P32—P23)~W21p22+W32p33 7
p33=igs(p23—p32)-W32p33
p12=iAp12+igp(P22—-P11)-i8sP13—Y12P12
p23=—1Ap23+igpp13+igs(P33—P22)—Y23P23
P13=igpP23—igsP12—Y13P13,

and finally considering Eq. (4), to obtain the OBE for the
V-type configuration as

p11=igp(P21-P12)-W12P11
p22=igp(p12—P21)+igs(P32—P23)+W12p11+W32p33 ®)
p33=igs(P23—P32)—W32p33
p21=i1Ap21—igp(P22—p11)+i8SP31—Y21P21
p23=iAp23+igpp13+igs(P33—P22)—Y23P23
P13=i8pP23—i8sP12—Y13P13,

where p;; represents the population of each level. We
have obtained the OBEs for all three configuration
patterns under two-photon resonance.

CPT through STIRAP technique

CPT through STIRAP technique can be achieved under
specific conditions such as two-photon resonance,
counterintuitive ordering P-pulse and S-pulse, and
adiabatic evolution [4]. We include the two-photon
resonance conditions, which have been established in the
OBEs. Satisfying the counterintuitive ordering condition
is also needed, which can be achieved by coupling the
initially unpopulated states with the system exposed to
gs, prior to gp. it only applies to the A and = configuration
patterns. We consider the smoothness required for the
pulses to ensure the condition of adiabatic evolution. Fig.
2 shows a sin?-pulse shape that effectively implements
the STIRAP technique. This pulse shape is introduced as
follows

. 5 (T(t-AD)?
gp(t)z{gosm( - ),At<t<At+20’(9)
0 otherwise
.o (T2
gs(t)={g05m (;) , 0<t<20’ (10)
0 otherwise

where At is the time delay between the two pulses, and o
represents the FWHM width of the pulses. Fig. 2(b)
shows the order of pulses required to achieve CPT in a
superposition of the excited states while the ground state

acts as a dark state using the STIRAP technique in the V-
type configuration pattern.

g

[
)

v At

&

-

—

Rabi Frequencies
Rabi Frequencies

5 . 0 5 10
Time (us) Time (1s)

(a) (b)

Fig. 2: Time-dependent, counterintuitive ordering of the P-
pulse and S-pulse realize CPT through the STIRAP
technique, for the (a) A- and Z-type, with parameters value
go =2m-20 MHz, 0 =5 us, At =5 us, and the (b) V-
type, with parameters value gy = 2w+ 10 MHz, 0 = 1 us,
At = 0.

Fig. 3 illustrates the numerical solution of Equations (6)
to (8), which are excited by P and S pulses.
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Fig. 3: The time evolution of the populations for the three-
level system's interactions in the configuration patterns; (a,
d) A-type, and (b, e) E-type with initial conditions p,1(0) =
1,p33(0) = po2(0) =0, and (c, f) V-type with initial
conditions p,,(0) =1, p11(0) = p33(0) = 0, under single-
photon resonance. The right column is in the absence of the
population decay rate, and the left column is in the presence
of the population decay rate from excited states with Wy; =
2w+ 6.06 MHz (i > j).
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The right column depicts the time evolution of the
populations in the absence of the population decay rate.
Which, CPT is fully realized by the STIRAP technique
for A- and E-type in state |3) [Fig. 3 (a, b)], and for V-
type, the STIRAP process leads to CPT in the
superposition of states |1) and |3) [Fig. 3(c)]. The left
column shows the time evolution of the populations in
the presence of the population decay rate from excited
states. Fig. 3(d) which is related to the A system, indicates
that the probability of occupying the excited state is on
the order of 1073, Thus the decay rate of this exited state
does not have much effect on the STIRAP process and
population trapping is done with a very high efficiency.
However, for Part (e) concerning the E-type, population
trapping occurs in the excited state, this situation
provides impossible population trapping due to the
population decay rate. Lastly, Fig. 3(f) also pertains to
the V-type, refer to Fig. 3(c) CPT is in the coherent
superposition of excited states, in which the presence of
the population decay rates prevents the realization of
CPT.

Conclusions

This paper has presented a systematic study to realize
coherent population trapping through the stimulated
Raman adiabatic passage technique, exhibited by the
lambda, ladder, and V-type configuration patterns. Since
the effects of the spontaneous emission phenomenon can
be added to the dynamics of such systems by the optical
Bloch equations, we calculated the OBEs for all three
possible configurations. As indicated by the name of the
STIRAP technique, this process has predominantly been
utilized in studies focusing on the lambda configuration.

By comparing the ladder and V-type configurations with
the lambda configuration, we attempt to justify the
motivation for this issue. We demonstrated that in real
systems, where spontaneous emission effects are present,
achieving trapping through the STIRAP technique is
impossible in systems with ladder and V configurations,
which at the excited level is not a dark state.
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Experimental study on the properties of a luminescent solar concentrator fabricated with the
triple cation perOVSkite CSO.15MAO'10FAO.75Pb(Br0'17IO'83)3

Anita Pashabeygi, Robab Azhar shokofeh, Nima Fathalizadeh, Sohrab Ahmadi-Kandjani
Physics of Optics & Lasers Department, Faculty of Physics, University of Tabriz, Tabriz, Iran

anitapashabeygi@gmail.com, robab.azharshokoofeh@gmail.com, fathalizadeh.n@tabrizu.ac.ir, s_ahmadi@tabrizu.ac.ir

Abstract- With the growing demand for optoelectronic devices, luminescent solar concentrators have emerged as a
promising solution to reduce the cost of solar cells. Additionally, the use of perovskites with mixed cations and halides
as luminescent materials has significantly improved the stability of perovskites in optoelectronic devices, attracting the
interest of many researchers. Given that conventional polymerization techniques for fabricating luminescent solar
concentrators, such as thermal and photopolymerization methods, are time-consuming and costly, a luminescent solar
concentrator based on low-cost polyamide epoxy resin was fabricated using a triple-cation perovskite. This concentrator,
with a simple fabrication process and no need for specific environmental conditions, was produced in customizable
dimensions and demonstrated a 170% increase in relative efficiency.

Keywords: Triple-Cation Perovskite, Epoxy resin, Luminescent Solar Concentrator, Optical properties
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Study of the impact of laboratory-simulated atmospheric turbulence on Laguerre-Gaussian
beams and their combination

Reza Azmoodeh Sorodi 2", Ali Bakoee, Mohammad Reza Rashidian Vaziri**, Mohammad Jafari?, Jalil Jafari>® and
Sajad Shahabi nezhad?

1- Department of Physics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran
2- Iranian National Center for Laser Science and Technology, Hashtgerd, Iran

3- Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute, Tehran,
Iran

4- Medical Physics Research Center, Mashhad University of Medical Sciences, Mashhad, Iran
5- - Department of Physics, Azarbaijan Shahid Madani University, Tabriz 5375171379, Iran

* reza.azmoodeh@modares.ac.ir

Abstract - In this study, the scintillation index of double Laguerre-Gaussian beams passing through turbulent atmospheric
conditions was investigated using a laboratory turbulence simulation chamber. The primary aim of this research is to
analyze the effects of atmospheric turbulence on the intensity fluctuations of optical beams and to assess their stability in
free-space optical communication systems. The results show that double Laguerre-Gaussian beams exhibit greater
resistance to turbulence-induced fluctuations compared to single Laguerre-Gaussian beams, making them a more suitable
option for atmospheric optical communication, particularly under adverse weather conditions.

Keywords: Laguerre-Gaussian beams, turbulent atmosphere, scintillation index
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Design, preparation and characterization of optical fork-shaped diffraction gratings

Abolfazl Hosseini', Mohammad Reza Rashidian Vaziri2*, Ebrahim Gholami Hatam', Reza Azmoodeh Sorodi?
1. Department of Physics, Faculty of Science, Malayer University, Malayer, Iran

2. Photonics and Quantum Technologies Research School, Nuclear Science and Technology Research Institute, Tehran,
Iran

3. Medical Physics Research Center, Mashhad University of Medical Sciences, Mashhad, Iran
4. Department of Physics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran
5. Iranian National Center for Laser Science and Technology, Hashtgerd, Iran

* rashidianvaziri@um.ac.ir

Abstract- In this work, fork-shaped diffraction gratings with different topological charges are made. By optimizing the
distance between the lines of the gratings through experimental tests, the line distance equal to 175 micrometers has been
chosen as the optimal line distance for making the gratings. The results show the desired production of this type of beams
with the simple method presented for making the gratings. In the following, by setting up a Mach-Zehnder interferometric

setup, the topological charge of the gratings was also measured.

Keywords: Optical diffraction, computer-generated holography, orbital angular momentum, quantum communications.
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Generation and control of entangled states by a compact chain of two-level atoms in a single-
mode nonlinear cavity

Farzaneh Lotfi, Mohammad Mehdi Golshan
Optics and Laser Group, Physics Department, Faculty of Science, Shiraz University, Shiraz

f.lotfi65@hafez.shirazu.ac.ir, m.golshan@saadi.shirazu.ac.ir

Abstract- In this paper, we investigate the dynamics of entanglement generated by placing a compact chain of excited
two-level atoms in a single-mode nonlinear cavity. The system is simulated using the QuantumOptics.jl and
CollectiveSpins.jl packages in the Julia programming language, and the master equation of the system is solved
numerically. The influence of the atomic chain structure (open versus closed chain) and the controlling role of the
nonlinear coupling coefficient on the entanglement between different components of the system are examined based on
two measures: von Neumann entropy and negativity.

Keywords: Atomic chain, Dipole-dipole interaction, Entanglement, Nonlinear cavity, Quantum optics.
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Three-wavelength and Common-path Quantitative Phase Microscopy using a Fresnel bi-
prism
Helia Abdolrezaei and Mohammad Reza Jafarfard

abdolrezaei.helia@gmail.com , mrjafarfard@iust.ac.ir

Abstract- This paper aims to present a three-wavelength phase microscopy method for single-shot measurement of the
dispersion of a single-mode optical fiber. To achieve this purpose, each wavelength was divided into two beams using
Fresnel bi-prism and finally six beams interfere with each other in a CCD camera and create an interference pattern. The
final image contains phase information of the optical fiber related to all three wavelengths modulated at different
frequency. By processing the final image in MATLAB software using Fourier multiplexing and applying optimum spatial
filters, the phase difference between the fiber and the surrounding medium has been obtained. Finally, with the acquired
phase information and the performed calculations, the index profile of the optical fiber for each wavelength was
determined.

Keywords: Phase Microscopy, Optical Fiber, Holography, Dispersion, Multiplexing.

Iy i Oledbl (o 5B sy e )3 oo Job paiz 3l ool doddlo
Job 10 bdigel cansls (o (S0l S o w2158 ladigad 5,90 50 . e il s L _ ‘ o
o amsie L3 Lo L3l o 1) pege Sl ((Faisl) Gilise slagse Sadsle g slered e SAD plorl S S8 0 Tl
il el 990 50 gaiedy)l Sledlbl Wil oo (9,50 D) 5 (Sajslsm

el s diges Slge 8)50 0 b oS 0 SeS Lo 4
Sy alaz 3l cilizs (gladine) ;o gouaie slas )l [V -F] wes 4l

eyt GrSoill g (il el g 4 (Dlanisd Gl g ke 5
)50 5 goay)l LBl Wlgh o zge Jsb 5 (o2 Dlgie 4 oSl
T Jsb 4 p2 g pleerd LSl 4 08 ClSE o pd s 0] diged
@ Jsb 5l Olie 4 CaSls o o i (ol 0o (S e
oy S oote Jolo 09l 0 bgye b JsSUge Ll deley 4y oS

L7 50] col brdiged slondign olo>

iy sZge Job iz B g5 e glaailels 5l alie glsil

2l 5lames oo 61 6,15 s mgal sl 1y (oYb Zgog 9 CB aS wloads

L s pSoslal sbaaslels cpl 25Tl ul b o)l Caro 5 s pole
Sgaze W Hlawe b o5 (5T ojlil Sl (o5 e aiile placasgase
Sloo s wlados 5l glaans [0 aidg axlge )10 ppgal Jsb jo
B 559,50 sraibols sl oy plsil o g pFoslal cpl Sgupe sy
e e g Vb Cdd sy alaz 5l 5L 050 (LlGe ples wllgl o oS
sl Glans o S el B cllSE oy ol Gl 1 oe
(B3 dgugn el 0als plosil (6 S0l g4 ] 850 yo (sland piy Slallas
Olaieiils Bus zge Job joi (slaaSy )b slaws (1al38l g o lags cue

g Olallas ol jo

IUST_ICOP2025_Proceedings_040207_MS.docx

Voo il WVYF aian



otenics 5,
'y g

S

- g

90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

wble UF s,

odgazme ;3 558 SlaaSu k¢ B3 jpiin 93 (STl alfgs conale Jdo o
h SeaSy 5l cilisee (blss 50 0T 5l pses 5l s 5 R 1503 (S5,
cilizee SLlgs L gin 90 & 3 s9ide 99 3l 29> bigoe Jsbo o aind
S b SG g w8 JE5 uSu b gy (R ales 50 D S
b oae Sl b og zge Jsbo w5l GleMbl (gl a5 i ol
V0 jpiin g3 oly gl oS eolitd ply Vo olasS 5 b Sty ST
amio ol e die Vo Loyi laly) pwie SoilS alols ol 4z
ol el e Y gl JS Jobo ol )18 i jeaie 99 5l o ngas
JS.s CCD (TUCSEN TCH-1.4CLICE) 1352%1016 5| 25,5 ngas

el jheg Ko FEORFLO Sy o5luil g

S gl b zge Job o b ga laome CuSh cu pb 50 Dol Lo 4
O St po g 00l il ko a2l 5] 5 50 1050 o0 eSS
ogazme 33 555 Al gl VPP iy () eogamme p3 58 4L sl
4 Sl VFOY 508 (S5 ooguzms 53 595 4ok sl 9 VFP e (S,
o 50 g b (oo S CuSh ol e Jsb GRIBIL S0 o)l
Fom g sk o CanSl Al ogdi o0 ALSE (5555 gl L g

el g0 Cass @ Sl (558 Gl 5l i3 jpde 50 5l e

sin(d,) _n,

sin(6,) n

¢ Q)

Sl a5l O 5 NalenSl o po b Jsl laome 5 550 (U 445l 6, oS
(@Y U o b ga laswe ol CanSls (g 30 b pgo laoes 10 55
sl (15 pyo Lamea b 5 (553 y5iie 99) gl barsmo 8 ol 00 aseie

og5 syl cdiguds o ataeSs aliseo (Lg) yo calisee sloSs, a8 Sl
Bk 5185 65T 5 gam Jsb o sl |y (Sslie ol (slonals
{13] wsS o o] 5 @l

q =sin(0)/ A 3

S 0ad atd S Sl gl el jgs 53 (SIS Slagiy (4l 0 &S
oo Too Jj.lc LY Jaﬁ.'\fo Lgl.'>|_\4 C).lo dw J.ALM; ali...iLn)] Liss
JH s gden K0S, L dilie slagge Jsb oS olxil

OlFse 1) im9® 695 00 A5 e Jgbo a5l Jol> Dad aiiS oo
0,591 Cawdy ; olae |

I=1, 1+ g =|E+EL| +E+E.[
2
(‘u)+|E +ER |green

0395 59y 7 T3e Job A 0anS SIS slagipy (sl ol a4z i b
el ¢l iy el Sglite S5y 5o (sl S 668! lad wals
398 anels 50 dnS lad soley G (55 2 zae Jsb 2 lp dsed

LIF] 05 o0 Agre o alolas 35,1

2
red

1., =|E+E,

:‘E‘Z +‘ER ‘2+2‘EHER‘c0s(qx +) ®

17221 a5 i 55 diges 4 oo e g Cenl 50

a1l Sblg b S e e 51 G oSsg ,Sie ailols G Lo callie oyl yo
Al ols S g5 ol jo il slazae Job 4 bogs e 56 aw pglas
Iy 4B oo yo (58 0jlail s (S0l (g Dl ST Sy je et oo
b Seolod Gloonsy (ouyp & S (pl WS oo o2l 3 Lo
S i s Sy 58 6o 3 IVYYV] WS o S gy 385
Al elees jieS s (L5l ddg 4y Cos a5 09 oo sl Lo ailols
o e S5 b G 28,29 wms o w1 1) (o S Al o g
@l peas b oslital (Sordly g pSojlail sl diged Glpre 4 (255,
L by b 56 sty 5l MATLAB |l58ls 5 o )0 oals a8 5
zse Job o Sledbl S 5 5 498 (alad Sl Al g 5l oolital b
el s ) Slewle g SYolae 5l ooliiwl b coles 48 el Coawd &

el oals zlFesl (5,58 jd (Sawily 4 by e Sledb
Al ans’ (29,

o 8 Ss S ol (sl ASLes] e sl ) S5 9
el 003 |z ge Jsbo

(a)
cen
]
o Iy
] Fresnel bi-prism
: Tube Lens
: Objective Lens

Samphe (isersed in ghveeral) E

Mirror Expandar

)
~ ]

SR s () (250 st U 5Ksg Koo dilels o)l )b () ) S
S ygiio g0 jlan 5 S

(b

b opimpaede i iiog s A alle cnl lp ool QLT )58 @l
FoY zo0 Jsb b ys8 sloaSo )b a5 0510 5 90 5 5egili PYY 290 Jsb
$ 085S el 55 51 5 Al S e adgi 5egili OTY 5 agil
odds daie g 3l oad D oS 5 asly g5 SO0 g 0ad eols jsue
25 Jos peiins gz pe 9 e Oy @l GRS diged oS
o & Wigad b 3,55 5 g G 5 355 j5ee S ppiie 50 S0
$ Olsie 4 g by GiiSan p digad b 6 5500 dard ol Culaw (90
Sy Seilag ST ged (pie o ) g8 5] G b 2855 L5 50 505
Bl ST Sy Soe pgal azmbo ;5 1) diged | (5 gal islalgd (owas

IUST _ICOP2025_ Proceedings 040207 _MS.docx

Voo SN0 amio



e.ewmm“ 8o,

0
i,
o
P

&

g

90 231 Sigigh g Suil (i JAiS (oS g ow 40l Wio
O Swigigh (539l g (qwiige (il JAS (oD

s oYl s D)

100
)
(explip)res)
300
400
500
600
700
800
100 200 300 400 SO0 €00 700 800
T UCS 4y 08 s K SE

(a) L. (b)
z L, 5
" R o .

vipbe) | Xipoean) Vpiey Kipisel)
(c)

BlLY]

Yipixel) Klpheet)

Sl Go8 et S5 O Sl o gliia] (o5 6 pslar FJSS
A3 = 402nm (z A, = 532nm (< (4, = 632nm

aogé JgpualS 53 5595 pead Vo] 56 Loy JSie 51 (625l jolane &
S el 05 JgpelS 5 b o Sl 0 o5 ] 5ol
O JSie 9)90 )0 SIS e | @l S8 Dl e 9 wlios el 56
20 595 450,b (6l g rdS (6l 00 il G gy 0,59] Cowds 2T
VA G (S5) 00900t 50 58 aSu b sl VFYY 568 (S5 osgasee
conl popdle A¥el sl VEVY o 55 eogame j3 495 aSo b sy
ooy cpl bl ying, e VYO (1S9, (g il SO (5,85 yud Cunlies
@ o Job dw slp 98 yd (Fordl polie F ala) 5l eolital L g
5 Rl cjo B (S5 00game ) 5 SaSy ksl polie (ul sl Cews

05 VEEY 5 1 FPA N FOF (i e

gl Inj 09 JysS BB B3 seiie 93 5l sm gin 5 65 e
Golpion bl s Cudgasme (pl D g0 ptd gl Jawgl gy
i Voo e b acnbs [A] g e alie 5,505, b ailols copnlis .ol
pedlyyo Lo 08,5 S8 oo g 45 0 90 Ay o g S CS 4l Ve o
Ol shils s Glase JST sl e Jsb olad o bl Bl yml a5
S a5 coul iagil v f Sloj o laslinl GBlyzil g segil <AV Sloj

ool L3 S e s slaailele 4 Sio5

4,98 o el F alal; ) Ged ) Jels 5 @ b glpsel ol
Wy US4 Ole SO e ool ol dlie oals ools aolae

FT[,,(k)]=68(k)+8(k —q)®FT (') +

Sk +q)®FT (e7'%) ®

e glad el g 25, sWs b i vk 98 a5
ey MR (K o3gamme 53 558 slaaSy b sl alie Ul 5 SYslee
51 ol 316 usSas 48 ook plonl g cnsbie lsd ¥l 5l oolizl b
Saril polie oy abal, 5l eolitul b coled o .l onel Caws @y £

A Al zge Jsb 4w ¢l

2
¢(x >y ) = T(nsample N opvironment )T
*)

T Blbl oo g diges o jB Ol iSlas @(xy) Y doles o
nsample 9 d')bl Ja*"" L;ML’ Nenvironment T 90 J}b A ‘)-3 Culs

DS 9y o9 Al ST (5,58 pd g (SIS b jlesd Cud pgal ¥ S
el oals 5 (rge Jsbo s S ogSny S Jagt 4 v e Lt )

o b S b (o) iges yputs (55 o (i) o o gy JSC
(o] S5y g Al T (555 pd G digad)

VIS 50 2l noa 98 hosd gom 99 ol @8 (o) ol
Blacuadgs ;0 Sy Gz aw a5 9,5 snalin g oo .l 0als ools jlis
ooy Las ¥ S j0 Wl (ol ooy 0,10 959 by aials o calize

ol 00l

ssbilon ams o (Lt Zse Jsbo dus (sl 1y ol sy 58 jyslai T IS
Loy G (5, 03900 53 595 45 T 56 25T 395 cn oaaline oS
Gl oLl VALY 563 () 009000 ;0 595 a5 ,b sl ool -V .FA

el LAl VYV s (S5 e0game j0 498 4S5 L

IUST _ICOP2025 Proceedings 040207 MS.docx

V"j‘\\?w



otenics 5,
'y g

&

90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

[12] MR Jafarfard, MH Mahdieh, Optik, 168:619-24, 2018.

[13] MR Jafarfard, B Tayebi, S Lee, YS Bae, DY Kim, JOSA
A, 31(11):2429-36, 2014.

[14] B Tayebi, MR Jafarfard, F Sharif, YS Song, D Har, DY
Kim, Optics Express, 4;23(9):11264-71, 2015.

[15] MR Jafarfard, S Moon, B Tayebi, DY Kim, Optics letters,
39(10):2908-11, 2014.

[16] T Ikeda, G Popescu, RR Dasari, MS Feld, Optics letters,
30(10):1165-7, 2005.

[17] B Tayebi, F Sharif, MR Jafarfard, DY Kim, Opt. Express,
23, 26825-26833, 2015.

[18] MR Jafarfard, Opt. Continuum, 1, 1413-1417, 2022.

[19] V Singh, R Joshi, S Tayal, DS Mehta, Laser Physics
Letters, 8;16(2):025601, 2019.

[20] M Joglekar, V Trivedi, V Chhaniwal, D Claus, B Javidi,
A Anand, Optics express, 1;30(16):29234-45,2022.

[21] S Farasatzadeh, H Abdolrezaei, MR Jafarfard, Signal,
Image and Video Processing, 12:1-6, 2024.

[22] B Tayebi, MR Jafarfard, F Sharif, YS Bae, SH Shokuh,
DY Kim, Optics letters, 1;39(19):5740-3, 2014.

[23] B Tayebi, MR Jafarfard, F Sharif, DY Kim, Holography,
Diffractive Optics, and Applications, VI Vol. 9271, pp.
305-310, 2014.

[24] P Marquet, B Rappaz, PJ Magistretti, E Cuche, Y Emery,
T Colomb, C Depeursinge, Optics letters, 30(5):468-70,
2005.

[25]B Tayebi, F Sharif, MR Jafarfard, DY Kim,
Interferometry XVII: Techniques and Analysis, Vol.
9203, pp. 36-41, 2014.

[26] CT Mann, L Yu, CM Lo, MK Kim, Optics Express,
31;13(22):8693-8, 2005.

[27]KJ Chalut, WJ Brown, A Wax, Optics express,
15(6):3047-52, 2007.

[28] Béhal I, Scientific Reports, 9(1):9801, 2019.
[29] NT Shaked, Optics letters, 37(11):2016-8, 2012.

[30] G Lan, Y Gao, X Zhang, Sensing and bio-sensing
research, 16:32-6, 2017.

S 35 Az

sttt 31, e s s 1 o3 S 255 bl aallae ]
SG sl aibele ol ol las Blas slaaiges (Fauily ol (8o Sledbl
Sy o 1y 56 dus Wl 45 IS e oolitisl o5 iis yas osSsg Sas
P o @ g Job aw (B jpie 50 Sy jlesliial S Sl pga
Gk 5lao )8 15 e jo Sglate olad slaaelan b g wiod g
ol Css 4 g Jsbo 2 4 bgrye U sl calio 4Vl 5 458 hios
Gl L 5 digas e 56 ST adio 58005 4 56 sl islon b
o Sl ol cond bl Slaslone 3,k 5l Cals o b gl Rl
Sl 50 polie b gl cpl ael Casds zge Job dw o gl 59
OV IR R [P CRUPROS PNV WA PRI S 3] L R NIPC G 1 9%
56 AL lasan 65503l sl |y by s o536 Al 5 (g5

Sl Gl YU 7gog g C w280 b Gl slaggeJob o

g o

[1] Y Park, T Yamauchi, W Choi, R Dasari, MS Feld, Optics
letters, 34(23):3668-70, 2009.

[2] Y Park, G Popescu, K Badizadegan, RR Dasari, MS Feld,
Optics express, 14(18):8263-8, 2006.

[3] B Rappaz, P Marquet, E Cuche, Y Emery, C Depeursinge,
PJ Magistretti, Optics express, 13(23):9361-73, 2005.

[4] NT Shaked, MT Rinchart, A Wax, Optics letters,
34(6):767-9, 2009.

[5] J Wang, X Wang, Z Dong, H Wang, Q Zhu, G Men, Y
Gao, W Wang, Frontiers in Physics, 10:822714, 2022.

[6] 7T Gass, A Dakoff, MK Kim, Optics letters, 28(13):1141-
3,2003.

[7] E Cuche, F Bevilacqua, C Depeursinge, Optics letters,
24(5):291-3, 1999.

[8] M Pluta Vol. 6, Advances in Optical and Electron
Microscopy, 1975.

[9] MR Jafarfard, MH Daemi, S Kazemi, JOSA B,
36(10):2884-8, 2019.

[10] MR Jafarfard, B Tayebi, DY Kim, Interferometry XVII:
Techniques and Analysis, Vol. 9203, pp. 226-229, 2014.

[11] MR Jafarfard, B Tayebi, RJ Nasab, DY Kim, Holography,
Diffractive Optics, and Applications, VI Vol. 9271, pp.
184-187, 2014.

IUST _ICOP2025_ Proceedings 040207 _MS.docx

Voo IVVY axan



90 231 Swigigh g Sl Ll JAiS (oS g o 40l o
O 23! Swigisd (559Ud g (cwikigo (il JAS o id

PO Y L) { Y

Seolaiwl b Jgsdgo- S wliiio 50 9 comz p (92 )0 4 DNA (5 J9:g0 (02 Lwlids
SERS y (S (bl (398 (Fow ) (SFgomdly 9] ySus 53l
TS0k aam T (g 5haz e lao ol
Ol 5l 5l olSils pgle 20Sils (S b ik
el e s oS ] sy b iy Slilllas (658 o olStyles]

w2l ) (JoSseSS Conlas b 5 oz (g () S350 lolid Sl (el 6L (559l slacd iy -ouaS
3l glasa¥ b S cplas (> DNA Slulis 1, SERS 5 e g SS9l SO il cnl 5o .l 08,5
PCR ;.AY}@.?:A )‘ OMC‘)Z-HM‘DNA uLcl) ;n.».]a VLY %9&3‘ ‘) ULA‘) LngJLiM» w‘y 9 o aisle ) LQ‘A""".'."‘*’ ]A—AMJ $9) oJA:
M5 (20585 55356 S 0ao Lt 5 0 (g 0 B orealss, JsSgo b S Gigansdly Culled it plolid JySUsa slalinel 5 o
a3 o olis gl cnl Wlesges b 1y OLdgl o)l 5 (25193 55 DLS g AFM Ldos .ol 039 45 50 )+ 390> )8 g5
Byl 1y Js:se S5 Gulide )3 5 conz 2 9 D90 4 DNA oLl Ul SERS (s (Ggadly (fmmj slo Sz gil o5

aigloioe w88 1, 155 slons Jolse bl 5 J5Slge (aniss 1o 03,58 (slao )5 ISl 5

Label-Free Single Molecule Detection of DNA using Ultra-Sensitive Plasmonic SERS-Based
NanobioSensor

Amin safaie!, Marjan Jafari’, Hamid Nadgaran3
Physics Department, Shiraz University, Shiraz 71454, Iran
Central Lab of Advanced Studies, Eram Paradise, Shiraz University, Shiraz, Iran

I Amin.safaie@shirazu.ac.ir, 2 Marjan.jafari@shirazu.ac.ir, > Nadgaran@shirazu.ac.ir

Abstract-. Advancements in plasmonic nanotechnology enable label-free single-molecule detection, transforming
molecular diagnostics. This study introduces a cost-effective, environmentally sustainable SERS-based plasmonic nano-
biosensor for DNA detection. Silver nanoparticles were deposited on a roughened glass substrate, amplifying weak Raman
signals to achieve single-molecule sensitivity. DNA extracted from PCR products was analyzed, with Raman spectra
recorded in the 300-2000 cm™ range, highlighting characteristic DNA vibrational modes. Rhodamine B validation
confirmed significant enhancement factors, about 107-fold, demonstrating the sensor's sensitivity. AFM and DLS
characterized nanoparticle size and uniformity, ensuring optimal performance. These findings highlight the potential of
SERS nano-biosensors in molecular diagnostics and pathogen detection.

Keywords: SERS, Plasmonic Nano Biosensor, Label-Free Single Molecule Detection, DNA Detection
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1. Introduction

Raman spectroscopy is an optical powerful, non-
destructive analytical technique that provides detailed
information about a material’s chemical structure and
molecular interactions by measuring how light scatters
inelastically upon interaction with its molecular
vibrations. When a monochromatic laser illuminates a
sample, most photons scatter elastically (Rayleigh
scattering) without any energy change. However, a small
fraction undergoes inelastic scattering (Raman
scattering), resulting in a shift in the photon's frequency
due to the vibrational energy levels of the molecules. This
frequency shift (Av) is given by [1]:

AV = Vincident — Vscattered (D

where Vipcigent 18 the laser frequency and Vgcairereq 18 the
frequency of the scattered light. The intensity of the
Raman signal is inherently weak [1]. This weak
scattering signal, especially in complex biological
samples like DNA, can also be obscured by fluorescence,
making conventional Raman techniques insufficiently
sensitive for detecting low concentrations of
biomolecules [2].

To enhance detection sensitivity, Surface-Enhanced
Raman Scattering (SERS) utilizes the electromagnetic
field generated by localized surface plasmon resonances
(LSPR) on metallic nanostructures, such as gold or silver
nanoparticles. When light excites these nanostructures, it
induces strong electromagnetic fields that significantly
amplify the Raman signal from molecules adsorbed on
their hotspots. The enhancement factor is primarily due
to electromagnetic enhancement and is expressed as
[2,3]:

Isprs |Epspr|* 2

Where E|spg represents the electric field generated by the
plasmonic resonance. This optical enhancement is
particularly beneficial for detecting low-abundance
biomolecules like DNA without the need for labels,
making SERS a powerful tool for high-sensitivity, label-
free molecular diagnostics at the single-molecule level.

DNA serves as a fundamental biomarker in disease
diagnostics and genetic research, offering insights into
genetic mutations, hereditary disorders, and pathogen
detection [2,4]. However, traditional detection methods
such as PCR and fluorescence-based techniques often
require extensive sample preparation and chemical
labelling [2,3], which can be time-consuming and may
lack the sensitivity needed for detecting low-abundance
targets.

In this research, we fabricated a cost effective,
sustainable, and environmentally friendly plasmonic
nano-biosensor by depositing silver nanoparticles onto a

glass substrate engineered with optimized roughness to
facilitate the trapping of adsorbed molecules. This design
allows for highly sensitive and label-free detection of
extremely low concentrations of biomolecules, reaching
single-molecule sensitivity for targets like DNA. To
assess its practical application and validate the sensor, we
tested DNA of a specific Leishmania species extracted
from PCR product. Comprehensive characterization of
the sensor was conducted using Atomic Force
Microscopy (AFM) to examine surface topography,
Dynamic Light Scattering (DLS) for nanoparticle size
analysis, and Raman spectroscopy for spectral
evaluation. Furthermore, the electromagnetic
enhancement factor was quantified by measuring the
Raman intensity of a characteristic peak of Rhodamine
B, confirming the sensor’s efficacy in amplifying weak
molecular signals for precise detection.

2. Material and Methods

2.1. Ag-NPs Synthesis for plasmonic SERS-based
nano biosensor

Silver nanoparticles were synthesized using an adapted
version of the Tollens' method involved mixing a 0.5 M
silver nitrate (AgNOs) solution with a 0.5 M potassium
hydroxide (KOH) solution under continuous stirring,
followed by the addition of a 0.7 M sucrose solution as a
reducing agent. The synthesized nanoparticles, with an
average diameter of approximately 27 nm, were then
deposited onto a pre-cleaned glass substrate to prepare
them for subsequent SERS measurements.

2.2, DNA  Extraction
Preparation

and Sample

The DNA target samples were obtained from the
Veterinary Medicine Clinic at Shiraz University, Iran.
However, samples were collected from dogs infected
with a specific Leishmania species and were
subsequently analysed using the PCR method to amplify
the target DNA. The DNA was extracted from the
resulting PCR products, and a volume of 15 microliters
was used to validate the sensitivity of the SERS
measurements with the fabricated nano-biosensor.

2.3. Raman
Instrument

Micro-spectrometer

In this study, SERS measurements were conducted using
a HORIBA micro-Raman spectrometer (LabRAM HR
Evolution). A 633 nm He-Ne laser (17 mW) was used,
with  5-second integrations averaged over five
measurements. To optimize conditions, a 10% ND filter
and a x100 objective lens was employed, and a 70 um
pinhole minimized fluorescence, ensuring high-
resolution and reliable spectral data.
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3. Results and Discussion

3.1. Topography and Size Characterization of the
Fabricated Plasmonic SERS-Based Nano Biosensor

The SERS nano-biosensor was characterized using
Dynamic Light Scattering (DLS) and Atomic Force
Microscopy, as shown in Figure 1. DLS confirmed an
average nanoparticle size of approximately 27 nm, while
AFM analysis revealed a surface roughness of around 64
nm on the glass substrate, which is crucial for enhancing
the SERS effect. The 2D and 3D AFM topography
images demonstrated the spherical shape and uniform
distribution of the nanoparticles, crucial for enhancing
the sensor’s optimal and efficient performance.

Fig. 1: AFM 2D and 3D topography of the SERS nano-
biosensor, illustrating spherical silver nanoparticles on a glass
substrate with an average surface roughness of approximately
64 nm.

3.2. SERS Activity of the Silver Plasmonic Nano
Biosensor

The SERS activity of the fabricated substrate was
evaluated using Rhodamine B (RhB) as a standard and
well-known probe molecule. Raman spectra were
obtained for a 10 M solution of RhB under two different
conditions: without the SERS substrate (normal Raman)
and with the SERS-active substrate. In the absence of the
substrate, the normal Raman spectrum (red curve in
Figure 2) exhibited extremely weak signals, reflecting the
inherent limitations of Raman scattering for detecting
low-concentration analytes and and the interference
caused by the high fluorescence of the analyte. In
contrast, the SERS spectrum (blue curve) showed a
dramatic enhancement in signal intensity, with distinct
and well-defined peaks. Among these, the peak at 1640
cm’!, corresponding to the aromatic C=C stretching mode
of RhB, was chosen as the reference for quantifying the
electromagnetic enhancement factor (EF). Based on the
spectral data, the EF was calculated to be approximately
3 X 107, indicating a substantial enhancement in Raman
signal due to the plasmonic activity of the substrate. This
result demonstrates the high sensitivity of the plasmonic
SERS-active substrate and its capability to detect trace
levels of RhB, underscoring its potential for applications
in molecular sensing.

ol NF s,
8000 - - : - T —
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Fig. 2: Comparison of Normal Raman and SERS Spectra of
RhB (10 M)

3.3. Label-Free DNA Molecule Detection

Ten microliters of the DNA sample, as the target analyte
for single molecule detection, were precisely deposited
onto the SERS-based nano biosensors for spectral
acquisition. Spectra were measured at five locations
randomly, averaged to reduce variability, and pre-
processed using Labspec 6 for baseline correction,
normalization, and smoothing. Final data processing was
performed in MATLAB to ensure consistency and
accuracy. The normalized average SERS spectrum of the
low concentration Leishmania DNA sample is depicted
in Figure 3, illustrating the mean Raman signals across
the 3002000 cm™ range.
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Fig. 3: Normalized mean SERS spectra of Leishmania DNA
within the 300-2000 cm™ range and an enlarged view of the
most critical DNA Raman spectral regions 600-900 cm™.
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This spectrum emphasizes the characteristic vibrational
modes associated with the molecular structures of DNA.
Additionally, Figure 3 includes an enlarged view of the
key Raman spectral regions between 600 cm™ and 900
cm™, providing a detailed examination of the specific
molecular signatures unique to DNA.

A comprehensive summary of the distinct Raman peaks
reflecting the DNA's molecular structure and
biochemical properties is presented in Table 1. This
focused analysis is essential for detecting subtle
variations in the spectral features, corresponding to
different DNA structural components, thereby enabling a
more accurate molecular characterization.

Table 1: Characteristic Raman Peaks and Their Assignments
for DNA Molecular Structure and Biochemical Properties [2,
3, 4]

Peak Position Assionment
(em™) £
677 Cz2’-endo/anti dG , C3’- endo/anti dG
Adenine (A) ring breathing, C2’-endo/anti
727
dA
749 Cz’-endo/anti dT
O-P-O (backbone stretch), Cytosine ring
785 .
breathing
830-840 O-P-O (phosphodiester stretch)
1093 Phosphate symmetric stretch (PO3)
1256 Thymine(T) /Cytosine ring breathing, C>’-
endo/anti dC , C3’-endo/anti dC
1340 Adenine (A), Guanine (G) ring breathing
1375 Thymine (T), Adenine (A) ring breathing
(N7 position), Guanine (G)

1420, 1457 dCH2/dCH3 deformation
1487 Guanine (G), Adenine (A)

1570-1578 Guanine (G), Adenine (A) ring stretching
1661 C=0, Amide I (protein/DNA backbone)

4. Conclusion

This study successfully demonstrated the fabrication and
application of a plasmonic SERS-based nano-biosensor
for label-free, single-molecule detection of DNA,
offering significant advantages over traditional methods.
By leveraging the enhanced Raman scattering effect of
silver nanoparticles on a roughened glass substrate, the
sensor achieved an electromagnetic enhancement factor
of approximately 107, enabling the detection of DNA at
extremely low concentrations without the need for
chemical labels or amplification. This advanced optical
approach enables highly sensitive detection of
biomolecules at the single-molecule level, and direct
analysis of intrinsic molecular vibrational modes,
surpassing the specificity and efficiency of conventional
techniques. Validation with Rhodamine B confirmed the
sensor's efficacy, and structural characterization through
AFM and DLS ensured the substrate’s optimal
performance. SERS spectra of Leishmania DNA
highlighted distinct vibrational features, facilitating
precise molecular identification. These results
underscore the potential of this cost-effective and
scalable sensor for advanced molecular diagnostics and
pathogen detection.
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