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Design and simulation of NOT optical gate using GST phase change
material on InP substrate at wavelength of 1.55 pm

Alireza Malek Mohammad, Mahmoud Nikoufard ,and Mostafa Rahimi

Department of Nanoelectronics, Research Institute of Science and Nanotechnology, Kashan
University, Kashan

alirezal234malekmohammad1234@gmail.com, mnik@kashanu.ac.ir ,and Mostafa75ra@gmail.com

Abstract-With the rapid advancements in technology and the growing demand for speed and efficiency in data
processing and transmission, various scientific and engineering fields are seeking innovative solutions to overcome
the limitations of electronic systems. One of these advanced solutions is the use of optical technology in the design
and fabrication of logic gates. GST is one of the most commonly used phase-change materials, and in this article,
it has been employed in the design of a NOT optical gate. In this study, the proposed plasmonic optical switch
structure is first analyzed using COMSOL software, and the optimal thickness for each layer is determined. This
structure is then utilized as a key component in designing a ring resonator. Furthermore, the resonance wavelength
of the proposed ring resonator in each phase of the GST material is calculated, demonstrating that, at this
wavelength, the ring resonator functions as a NOT optical gate.

Keywords: Germanium Antimony Telluride (GST), Indium Phosphide, Optical switches, 1.55 um wavelength.
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Laser beam shaping via self-phase modulation

Behnaz Salman, Aliasghar Ajami
Faculty of Physics, Semnan University, Semnan, Iran.
ajami@semnan.ac.ir, benbensolil376@gmail.com

Abstract- This article examines beam shaping through self-phase modulation (SFM) in Kerr media. In SFM, the
propagation of a high-intensity laser beam through a nonlinear medium causes a change in the refractive index,
resulting in phase changes in the propagating laser beam. In this study, diffraction patterns for a Gaussian beam
passing through a Kerr medium are calculated using the Fresnel diffraction integral. The medium with a negative
nonlinear refractive index is positioned at various locations after the beam waist, and the laser power is adjusted
to achieve a maximum nonlinear phase change of . Under these conditions, a ring distribution is observed in the
far field. At a specific distance of 1.5 times the Rayleigh length from the beam waist, the intensity at the center of
the diffraction pattern is about 12% of the maximum intensity of the surrounding ring, which represents the
darkest center for a nonlinear phase change of 7. Additionally, a nonlinear phase change corresponding to an odd
multiple of 7 leads to the formation of a diffraction pattern consisting of bright rings surrounding a dark center.
The results of this study emphasize the importance of the nonlinear refractive index and wavefront curvature in
the formation of unique diffraction patterns and demonstrate the effectiveness of the self-phase modulation

phenomenon for beam shaping and intensity control in optical systems.

Keywords: Self-phase modulation, Beam shaping, Nonlinear refractive index, Kerr medium, Fresnel diffraction integral
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Introduction

Beam Shaping involves altering the intensity distribution
of a laser beam to achieve a desired profile. This can be
accomplished through various optical elements such as
lenses, mirrors, and diffractive optics. Beam shaping can
be achieved via altering the wavefront by controlling the
phase of light across the beam via self-phase modulation
(SPM) which is induced by the beam itself. SPM as a
nonlinear optical effect occurs when an intense laser beam
passes through a medium, causing changes in the phase of
light due to the intensity-dependent refractive index of the
medium. For Kerr medium the change in refractive index
is proportional to the square of the electric field strength,
making it more pronounced at higher laser intensities.
Therefore, SPM phenomenon can be used to create
complex wavefront patterns leading to real-time beam
shaping for purposes of intensity adjustments,
compensating for aberrations, optical limiting, and
optimizing performance [1, 2]. Furthermore, the nonlinear
refractive index of a medium can be determined by
studying diffraction patterns in the far-field taking benefit
of SFM [3].

SFM occurs due to changes in the refractive index of the
medium through which an intense laser beam propagates.
Generally, the refractive index depends on the light
intensity, allowing it to be expressed as a power series of

intensity.
n(1)=ny, +n,1 +n,12 +... 1)

where n, is the linear refractive index, n, is the third-
order nonlinear refractive index and n, is the fifth-order

nonlinear refractive index. When an intense focused
Gaussian laser beam propagates through a thin nonlinear
medium, the wavefront alters due to the radially
nonuniform change in refractive index inducing self-
focusing or self-defocusing effect, depending on whether
the nonlinear refractive index is positive or negative. The
electric field exiting the nonlinear sample is given by

E.(X,Y,Z)=E,(X,y,z)expliAd(xX,y,z)] (2)
where E, is the electric field incident on the sample,

A® =KLAN with k the wave number, L the sample

Sy W

thickness and AN is the refractive index change (e.g. for a
Kerr medium An=n,1).

The electric field distribution of a light beam transmitted
through a nonlinear medium can be determined using the
Fresnel diffraction integral.

1 i too 4o ’ oo
E(y.2)=—e™ [ [ E(x.y.2)

i ()4 (y-y)?)

xe 2 dx'dy’

3)

where d=2-2" s the distance between the nonlinear
sample and the observation plane.

The intensity distribution on the observation plane can
thus be calculated using Eq. (4) when a Gaussian beam

passes through a nonlinear medium.
(C+y?) .k N2 N2
oo pb o et o (X) (YY)

B eIA(Dme w(z) e 2d dX'd 1
I(x,y,2)=1, I,wj,w y
(4)

n,Ce,ESW, . . .
where | :% is the on-axis intensity at sample
22°d"w

position, w, is the beam waist radius and v is the beam
radius on the sample entrance.

In Eq. (4) AD,, =k (x*+y?)/2R(z) +kLAn, Where
R(z) is the radius of wavefront curvature, represents the

total phase consisting of two contributions: the first part
depends on wavefront curvature, and the second part is
influenced by changes in the refractive index. The total
phase of the wavefront depends on the signs of both
contributions which can be positive or negative.

The diffraction pattern of a Gaussian beam transmitted
through a nonlinear medium is generally a set of rings
which have been observed and reported by many
researchers [4].

2. Results and discussion

The diffraction pattern of a Gaussian beam transmitted
through a Kerr medium with a nonlinear refractive index

Vv 5IY0Y axan
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of n,=-5x10° W'cm? was calculated on an

observation screen located 500 mm away from the beam
waist using Eq. (4). The laser wavelength and the beam
waist radius were set to 532 nm 50 pum respectively. The
on-axis phase change at each sample position given by
A®D(z) =kLn,l(z)in which 1(z)=2P/zw(z)*> and
w(z) denotes the beam radius can be controlled by

adjusting the laser power P. Figure 1 illustrates a
comparison between diffraction patterns causing by
AD(zZ)=-rrad when the nonlinear medium is
positioned at various positive z-positions. The pattern
consists of a bright thick ring around a central dark spot
but the central brightness defined by 1, <100/

varies based on sample position due to changes in
curvature radius of the wavefront.

C max

The central brightness of each pattern was determined and
plotted versus sample position as shown in Fig. 2.
Numerical calculations indicate that when the sample is
positioned at z =1.5z_ (z, is the Rayleigh length), the

centre of the pattern exhibits minimum brightness,
resulting in a donut-shaped beam profile. In Fig. 3(a) the
diffraction pattern of the Gaussian beam is compared with
the main beam profile for the case of
AD(z=15Z.)=rrad. For better visualization, the

pattern was plotted 3D as shown in Fig. 3(b). In this
configuration the central intensity is approximately 12%
of the peak intensity observed in the bright surrounding
ring.

The characteristic of self diffraction rings depends on the
interplay between wavefront curvature and nonlinear
refractive index changes resulting in two distinct
scenarios. When the wavefront curvature and nonlinear
refractive index change share the same sign, their effects
are constructive, leading to an increase in the total phase
of the propagating beam. This constructive scenario is
seen when a converging beam traveling through a negative
nonlinear refractive index medium or a diverging beam
passing through a positive nonlinear refractive index
medium. In this case, the self-diffraction pattern observed
on the screen appears with a bright centre surrounded by
thin bright rings, and the overall intensity distribution zone
becomes significantly more compact [5].

Sy W

On the other hand, when the signs are opposite, their
influences cancel each other out. This occurs when a
converging beam propagating through a positive nonlinear
refractive index medium or a diverging beam passing
through a negative nonlinear refractive index medium. In
this case, the self-diffraction pattern on the observation
screen appears with a dark centre surrounded by thick
bright rings [6, 7].

1.04 —z=0.7z,
0.9 ---2z=08Z,

0.8- .......z=1ZR
0.74 == Z=1.5ZR

Fo s
-
-
Ty

0.6 -
0.5
0.4-
0.34
0.2+
0.1
0.0-

P
.

-
oy

Normalized Intensity

65 43-21012232425 6
Radial axis (mm)
Fig. 1. patterns for different sample positions.

704 —o— Central brightness %

40

Central brightness %

05 1.0 1.5 20 25 3.0 35 4.0 45 50
Sample Position (z/z,)
Fig. 2. Central brightness of the patterns.

Adjusting the on-axis phase change by varying laser
power causes deformation in the diffraction pattern,
revealing additional bright rings with either a dark or
bright centre. In Fig. 4, the patterns corresponding to on-
axis phase shifts of 37 and 57 are compared with the
main beam profile. As can be seen, the pattern consists of
two rings for phase shift of 37 and three rings for 57 .
These results support a correlation between phase shift and
number of ring N, represented by the relationship

N =(AD +7)/2r
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Fig. 3. Comparison between the main beam profile
and the diffraction pattern (a) and the 3D donut
shape profile of diffracted beam (b).

3. Conclusion

The diffraction pattern of a Gaussian beam through a Kerr
medium was analysed using the Fresnel diffraction
integral. Scanning the sample after the beam waist, while
adjusting laser power for a consistent phase shift
Ad(z) =7 rad , revealed a donut-shaped known as vortex
beam profile at certain positions of 2=15Zy Thjs
pattern, with central brightness reduced to about 12%, is
valuable in applications like laser material processing,
where structured beam profiles enhance precision and
effectiveness. Additionally, an induced on-axis phase shift

of APAS5Zg)=-(2N -z produces a series of N
bright rings around a dark centre.
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Fig. 4. Comparison diffraction patterns for
different on-axis phase change.
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Optimization of frequency conversions based on four-wave mixing in
hybrid metal-dielectric nanostructures

Fatemeh Peymani, Neamat A. Jafari, Ali Bahari
Department of Physics, Faculty of Basic Science, University of Lorestan, Khorramabad, Iran

f.peymanil992@gmail.com, jafary_68@yahoo.com, alibahariz@yahoo.com

Abstract- At subwavelength scales of radiation, such as the nanometer, the optimal generation condition of
nonlinear optical phenomena is the presence of resonance at both the input and output wavelengths. In this study,
numerical calculations show that the presence of metal hemi-cylinders in a metal-dielectric hybrid nanostructure
creates multi-resonant spectral responses at specific wavelengths due to surface plasmon resonances (SPRs), which
do not exist in the absence of plasmonic materials. By calculating the efficiency of different degenerate and non-
degenerate states of the four-wave mixing (FWM) phenomenon at resonant peaks, it was observed that the
efficiency of some states has increased significantly compared to others. These results indicate that hybrid
nanostructures can optimize and enhance the efficiency of nonlinear optical processes by utilizing SPR properties.

Keywords: Nonlinear optics, four-wave mixing, surface plasmon resonances, finite element method, hybrid nanostructu
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Objects detection in the image using deep neural network

Faezeh Mahdimaleki, Mohammadreza Jafarfard, Babak Zare
Department of Physics, Iran University of Science and Technology, Tehran, Iran

Faezeh_mahdi76@physics.iust.ac.irmrjafarfard@iust.ac.ir, bzarer@iust.ac.ir

Abstract - In order to identify a specific object in an image, in addition to detecting its presence in the image, we
need to accurately locate it in the investigated image. In this article, by applying artificial intelligence and deep
neural network approach, the study and investigation of object detection in images has been done. Deep learning
with the help of neural networks can provide the possibility of simultaneous classification and location of objects.
On the other hand, approaches based on deep neural network use Convolutional Neural Network (CNN) for object
recognition, where the features of the object in the image do not need to be defined and extracted separately, and
this work is done automatically by Convolutional Neural Network.

Keywords: Object Detection, Deep Learning, Neural Network, Convolutional Neural Network, YOLO Model

Fees G VoY 5IYOA axio



VEY ot YA 9 VY ol eyl ies ool pl s g ole

Joe wiile w0 plol | (goss adls 5 g 1) aSCS

[f] CornerNet.RetinaNet .SDD .YOLO ;b

S5k ds

gy s Voo ools acgazme cily gy lal o
= 50 o plo gy Jold JuSo Veex) e e olal b onds (5 IS
Goslo LY+ i aw jo Bolay STe g elad b (S, WS
(oo Vo o) (i Ll (G00lo 7Y - (pguai Vo o) (b9l
LR PRV ARV GUPWS I IR B P P KA IO

Cwlodls ools ioles ools acgamme pglal jl (glaiged (V)

Joe 4 s a5 YOLO oo piid aseas 5l allis ol 5o
Syl Jlae slp Uk pansess S )1 iy slo
S5y blelS aSs Sy lan) el oids oolital
Sod Sy 60959 ppal 9 09h (oo Jlesl oS pga
S aaz Jkes j2 (sl 5 098 (o0 el SXS oo
g bl atsls sgmg bxl jo e b jga> JixlaS B (5550
01, C Gl glo WIS gy o (T 3l Jlaio! (rizean
S S e S (Srge 0 NS (oo S Ui Ol o D)
ol 0 )18 Se aSils (ol Jshes 2 00g0me 10 5 0
s S Jokw 12 008 jaseid 1) o o il o Al
Slebsl 0,05 PC &S .ol W N Y X PC),laie & Julis
PLUPRUCE Sy NINPIRONRPICES SUICHLEDS JP) QEWES

S92 g died JolS pgal 4 Cond A o0 g gl | W

Fowgy R

doddo

@ Jliezs pgas So o1y 4yt polal (A5l 059
gl sl by a8l s poad S 4 Sbicwws Holane
iy 45 0587 o GUb s o 5l ke Slellll (5
) T ol (oS (A pgal GaTabD alex |
el S AT o [l (egiae Bsn g il Gl S
Loeod o Canl o LS5 diaj o 9 510 9)50 <Ll ]
ooyl oS, ol S wile Lol le S
oS s bl e D ogse ciypm Sliogas
3 Shpe A e e eh 350 LT b ekl
o 5] LalS 550 a8 el )T LollS” Lol g 2 Lo
s ol 5l Joe S5 a8 el Lo oty auST e w0l )8 )
sla Sy obel » Joe ol o580 aay al> 5o p3 55k |,
R ) 9 4 £9,0 (2Sb) odazn Sl By, b (o
aScd oS bl 5l IV oS lag 1) s 5590 ¢ 25 b 0 0
3 4 yd s ol (Fhg lales 508 LbglglS rae
5l Bres 6xF3k Al p st i sla oo 5lese
b Sy 50 0ghT (oo ol (lglglS (onae 4SS
L1y 09y9 noal (oolgls al o ((bglgls cuae
&l degomme adgi 5l (S0l bB slo 2l 5l ol acgoo
Gl L plesl gl a4l a5 oo B3lop (S sl 4t
SilS | Sl g b ol )by olaws o Sig sl atis ol
WS i | age sl S b 05 o SaS Joto 4y 5 00l
sbSny el il aslls 5 oS5 (Jate plos U
odl o3l sl S Wlgn U ol oage p ) 0als zl 5l
st panis slo Joo [Y]ass has Sl 295 4,
S sl w5 (T 90 4 (SIS A Ly
53 09T o0 el (s Al 50 50 b o8N 5 (sl Al e
e 9 dmloms | 5Ll (G Tl (gl al> o g0 (gl o ;55
Al 1) ouds atdly oLl 4 bgaye slo ol poo al> oy
SPPNet RCNN sls Jue aile oS oo cso
0,95l o . R-FCN [FasterRCNN FastRCNN .

» Jhil Gl e peiitan jsb 4 ol Ao S sl

Vv 5IY0% axan



VE-Y cpoe YA 9 WY ol nlclhes ol pl oo g ole

sl (anseds )0 Siye drz (ge S 9 SR Ak 3
191055 o oolil caliseo (slooslosl b

o Lo ) courorL

Joe oy S5 a5 YOLOVEN i dllie ! yo b sl
QUVPA Jolis g il 0 YOLO gin aseus 5l oo a8l

el o0l oolawl cunl yel)b Yo - £FYY,

Jae o Shas ol

plril (i Lzl 5 (S5550] (slo 00l asgaza b Jow g0l
Sl b g pasbal cpslal (wliite s b o 58] 090 o0
S pobilen S dy on (S35 Slyie |y Sy FExFE
090 Vo byo YOLOv8n oS oaline (V) S jo
slosls jo 1) de> (DFL) 258 Sl sl g 5 0
ol ams rals glabsle BB jghy i ,liel 5 (b9l
728 (MAP) (Sl Lawgie como lade ks (b))
1RAIY Sl Jawgie Como g /A0 B /0 ailiw] o> o
)L:M 9 (P) Coro )Lﬁ_x.o e RGO BRY I 4.3[;..,41»)0

e 0358 TAA 5 TAYF 35 4y s (R) Sls51,3

Sy W

ably gl laebl Co o b (650 dm (0 e L 392 g pae by

Do 00l Lz (V)

confidence score = p(object) * IOUtrutn (V)
pred

oL G o5b b e i 0925 Jx>I p(0bject) T yo a5

[0Utruth 5 (sc S99 pas odidd ;lai+)aas o
pred

dr b oodd (i Gl Ghpe dex ol gy, ST
09l S e Gl (g s oo L Ty (Bl (55
Lcoles 10 el SXSX (B X5+ C) olul b onSs
s ax> NMS) Sl 6 Bi> oldes 5 oolaxl
Lix b ol sl ol o g b g 23, S

[()]ow@

257 dexz O e 03l 5 YOLO e ases
Jols Jawo cpl (g )loxs (V) S0 4y a9l .aiS oo ool
O Srond Zal ja 9 (0,5 (DIES (g (G Ceend d
Seowle i Shy glpel aiby 5 olas
ol 4 sa0> Joile o yot 4 00y zlol CSPDarknet53
C2f) aggls 4 55 b (6l al> o 2tz F32 sal Usile
e Slellll b 1, UL elans (gla S35 45 055 oo ool
O35 S (o8 S ansuis S0 Gl 4 g 008 oS
gl Dy lawgs a5 Solite gla (g a5 3l adilg
Doliie g 5 odem b (Shg 9 05 oS oo L) 0nd
(PAN) joe gazs 4 oS 5 5l Joo (ol 5o 05l 55
ST (Shs sl aex sl FPN) (Shy oopn 4
g o eliiie )3 Sy lo 4t adg 5 4SS Az sl
Gle and 3l aSil p 0sd oo ool susie slo Faog
ool s o8 arsis Jro sl alias J> sln Oy S
4 w0ad oz e Jow S5 5 YOLO iiin asens S o

Yoy 5lYee axin



VE-Y cpoe YA 9 WY ol nlclhes ol pl oo g ole

oy oy e b aS a5 8 lo S s
el ool aBlAE poles 4 ol

eSS & glglS oras aSit S 5 eolinul b allis ol o
Sylate 2l sl slxe @l mlaSls y polas jo sl
“\DQG" ul.m.v o.\.n" w\.\a C—},L‘-’ “"3)'?)‘)3 [CadP M .))5.4:
Wl ee AVl Gy GrSles wgte 280 L 0l (Byne Jo

N ua.».‘zm.’ |) )'.‘.5L4'.’. ) )Ja.: Y ;L.w‘ GALM

e
[1] K. L. Masita, A. N. Hasan, and T. Shongwe,
"Deep learning in object detection: A review," in
2020 International Conference on Artificial
Intelligence, Big Data, Computing and Data
Communication Systems (icABCD), 2020:
IEEE, pp. 1-11.

[2] F. Jalled and I. Voronkov, "Object detection
using image processing,” arXiv preprint
arXiv:1611.07791, 2016.

[3] S. S. A. Zaidi, M. S. Ansari, A. Aslam, N.
Kanwal, M. Asghar, and B. Lee, "A survey of
modern deep learning based object detection
models," Digital Signal Processing, vol. 126, p.
103514, 2022.

[4] Z. Zou, K. Chen, Z. Shi, Y. Guo, and J. Ye,
"Object detection in 20 years: A survey,"
Proceedings of the IEEE, vol. 111, no. 3, pp.
257-276, 2023.

[5] J. Redmon, "You only look once: Unified, real-
time object detection,” in Proceedings of the
IEEE conference on computer vision and pattern
recognition, 2016.

D. Reis, J. Kupec, J. Hong, and A. Daoudi, "Real-time
flying object detection with YOLOVS8," arXiv preprint
arXiv:2305.09972, 2023.

Fowgy R

=\

W

o 2980
5
it loss [m—— neticsima?so asin;
osmt A~
ase s
v
nos
002 ‘
!W\i\, )
PO m P

b \“‘" 025 Tt niE
P ne

uas\

o

ol 558 e 5 S35 calisee Ll o Camo apsle b

Sgd g Sbul Jleld —tore s K05 4 bl
3 (AP) Lugio como Glgie a0 1) sove opl g Colue
S5 0,5 o )R ) g0 5 baegte Sono Gl
Slold sleosgass ploi ;o Coro a5 was 0 lis (F)
Loyt Joe a5 conl ()] e a4 yol ol ool ) & Soop
O S i 5 0dls Laris | 05250 sla o pls sales
26l AP Lile die) (S 005l (o5 oy slas
i 02505 oo Sl LT ly 0 e arle oIS
ol sl coads S b ullS plod (gl Somie jo a5 /A4/Y

Precision-Recall Curve

10
blue 0.988
green 0.995
—— red 0.995
— white 0.995
0.8 —— yellow 0.995
= all classes 0.993 MAP@0.5
0.6
s
a
g
x
0.4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 10

Recall

S5y » Joe edd S G e Sk (BO) SO
ssbite @ Jae Gajgal 5l ey a8 ol stalojl it - -
Ll pgai ;2 died g0 00l Jao a4y o, Slecy CBs ioww

Yoy 5IY8Y axio



901 92 Sigigh g Syl il JAS (oS g 40l Ilio
O 931 Swigisd (539U g (wiigo Wl YRS (o id

g g3 UG

S5 y0 b 4ol 43 4n 3 YFe K i 93361 5,19 1 gl Wbl ol )b

Sl o5 ez (Gl i Sogl Sgrann

S 3d 09,5 (g 63,1 pole goizme bl Slo iaio oSN
m_kavosh@mut-es.ac.ir, ashtian972@gmail.com

A a0 pglai ddgi (o llgi g Wigh oo ASL (6510 2 gl 5O Al play o)1l (lge s Slazyo ¥Fv (6)9 sladilbolu — ouns
U +OF o 69908 w3 (oo 9 @381 g )0 4250 Y9+ (5500 1 guail dilols S (g (] 5o . iyI0 1y (2Blg (yloj o U cdo by g
e T 9 S AT G (635 0 439, b (59,5 AT Sy 5l Ailol cnl el qwine 5 slaT (T3 Jolds g o (2 lyb 4z y0 -1V
SSo3lail 3l colasiw!l b dilolw ¢l o Slose (005 o0 oS (5 p0 jg5 0090X0 1O 1 gudl CordnS Sgudy Ay A5 Sl 00l LSS (59,5
S (2399 (slone 4 wilgi (oo dilobw (A5 wB3 o0 LA gl ol a8 )5 51,8 b3l 990 o8y aSd ojluSl ko 9 (2LAS LS )
O S 5148 colisiwl 3yg90 gj095 a0 YFe

95995 V70 )90 oS 9230 (610 pgal alboles az 0 YF o (g )lo p pgal «Saljgily pglal —o3ls wlS

Designing a panoramic catadioptric imaging system in the visible
spectrum region
Masoud Kavash Tehrani, Javad Arabi Ashtiani

Department of Physics, University Complex of Modern Applied Sciences, Malek-ashtar
University of Technology, Iran

m_kavosh@mut-es.ac.ir, ashtian972@gmail.com

Abstract- 360-degree optical systems are advanced imaging tools and can produce omnidirectional and high-precision
images in real time. In this research, a 360-degree imaging system was designed in the direction of the horizon and the
vertical field of view between +53 and -17 degrees and includes mirror and lens components. This system consists of a
spherical mirror with a central aperture, a flat mirror, and five spherical lenses that help improve the image quality
in the visible light range. The performance of this system has been evaluated using spatial frequency measurement
and beam spot size analysis. The results show this system can be used as a 360-degree automotive camera.

Keywords: 3600 automotive camera, 360° imaging, catadioptric imaging system, Panoramic images
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A simple scheme for generation of various cat-like states via quantum

nonlinear optical processes
Azadeh Noury, Mohammad Kazem Tavassoly
Optics and Laser Group, Faculty of Physics, Yazd University, Yazd

a.noury@stu.yazd.ac.ir; mktavassoly@yazd.ac.ir
Abstract- Generation of nonclassical states is a necessary requirement for quantum science and
technologies. In this respect, Schrddinger cat states that are quantum superpositions of coherent states with
equal amplitude and opposite phases, are of great importance. In this paper, a theoretical scheme is
employed to generate cat-like states with the help of the connection between quantum and nonlinear optics.
Actually, by considering the input beams as charge coherent, squeezed coherent, coherent squeezed, photon-
added coherent and trio coherent states, the output beams are obtained as corresponding cat-like states. To

achieve such states, cross-Kerr or generalized cross-Kerr interactions are employed .

Keywords: Cross-Kerr interaction, Schrédinger cat state, Charge coherent state.
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Dependence of Second Harmonic Generation on the Polarization of the
Radiation Light in Core-Shell Plasmonic-Dielectric Nanoparticles

Neamat A. Jafari, Fatemeh Peymani, Ali Bahari
Department of Physics, Faculty of Science, Lorestan University, Khoram-abad, Iran

jafary_68@yahoo.com, f.peymanil992@gmail.com, alibahari2@yahoo.com

Abstract- In this research, the phenomenon of second-harmonic generation (SHG) is investigated for a core-
shell (CS) nanosphere composed of plasmonic (Au) and high refractive index dielectric (Si) materials. By
calculating the linear optical response of the CS nanosphere, the resonance frequency is determined that
the enhancement and confinement of electromagnetic fields are extreme in this frequency. Finally,
investigating the effect of the incident light polarization on the distribution and intensity of the SHG shows
that the efficiency and distribution of the second-harmonic are controllable by changing the angle of the
incident light polarization. Moreover, in linear polarization, the SHG phenomenon has more efficiency due
to the alignment of surface plasmon resonances. The results of this work can significantly contribute to
improving optical devices such as nano-sensing.

Keywords: Nonlinear optical phenomena, surface plasmon resonances, second-harmonic generation, finite element.
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Investigation of self-focusing of the Hermit-Gaussian laser pulse
radiation in under dense plasma

Mostafa Sadeghzadeh, Davood Raoufi
Physics department, Faculty of Basic Sciences, Bu-Ali Sina University, Hamedan, Iran;
m.sadeghzadeh2012@gmail.com, d_raoufi@yahoo.com

Abstract- The paper investigated the phenomena of self-focusing power and propagation distance of self-focusing in
underdense plasma using Hermit-Gaussian laser pulse. In our research, we revealed that the self-focusing is stronger
and propagation distance of self-focusing decreases as the Hermit mode indexed value increases from 0 to 1 and higher,
regardless of Initial amplitude of electric field of Hermit-Gaussian. In other condition, we observed that the self-
focusing is stronger and propagation distance of self-focusing decreases as the Initial amplitude of electric field of

Hermit-Gaussian increases, by keeping fixed of Hermit mode indexed value.

Keywords: Self-focusing, Hermit-Gaussian laser pulse, Laser intensity, Plasma frequency.
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Efficiency Assessment of the Angular Spectrum Method in Tight
Focusing

Ali Rafiee 12, Ehsan Ahadi Akhlaghi 2, Faegheh Hajizadeh!?
!Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran
2Optics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran.

alirafiee@iasbs.ac.ir, e.a.akhlaghi@iasbs.ac.ir, hajizade@iasbs.ac.ir

Abstract- In this study, the accuracy and efficiency of the angular spectrum method for simulating the propagation of
the electric field of a light beam in high numerical apertures have been evaluated. To validate this method, its results
have been compared with a reliable analytical approach. The intensity distribution of electric fields simulated using
the angular spectrum method and the analytical method has been analyzed and compared in high numerical apertures.
Furthermore, variations in the full width at half maximum (FWHM) across different numerical apertures have been
investigated. The findings show that the angular spectrum method exhibits high accuracy in simulating propagation
in high numerical apertures and demonstrates good agreement with the analytical approach. Thus, this method can

be employed as an effective tool for simulating light propagation in strongly focusing optical systems.

Keywords: Angular Spectrum Method, Electric Field, High Numerical Aperture, Intensity Distribution, Light Propagation,
Simulation.
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Investigating impacts of dust events on the surface temperature of the

atmosphere in the Arabian Desert using sun photometer data
Mahsa Jahangiri!, Hamid R. Khalesifard'?
IDepartment of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan,
Iran.
2Center for Research in Climate Change and Global Warming (CRCC), IASBS, Zanjan,
Iran.

Abstract- Earth's surface air temperature changes can be affected by dust events, especially in arid and semi-arid
regions. This study investigates the impact of dust events on the surface temperature of the Earth's atmosphere in
the Arabian Desert using sun photometer data from three stations: Bahrain, KAUST Campus, and Solar Village.
The correlation between dust events and temperature variations was evaluated by analysis of the aerosol optical
depth at 870 nm and the Angstrom exponent using measurements at 440 and 870 nm. Results indicate that during
warmer months, dry weather conditions in desert regions lead to increased dust activity, while in winter, higher
humidity reduces these events. Case studies reveal an inverse correlation between AOD and temperature. These
findings confirm the role of dust in climate change and its regional impacts on atmospheric radiation equilibrium.

Keywords: AERONET, Angstrom Exponent, Dust, Optical Depth, Sun Photometer.
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Simulation of Composite Mandrel in Fiber Optic Hydrophone for

Increasing Sensitivity

Kazemi, Rezal; Pakarzadeh, Hassan!; Kalate Seyfari, Abbas?

! Department of Physics, Shiraz University of Technology, Shiraz

Abstract- In this article, the simulation and investigation of composite mandrel in optical string hydrophones is
discussed. The design of this structure is done using Comsol software. The mandrel structure is based on a composite
mandrel (both metal and plastic), with the inside as metal and the outside as plastic. In this design, the material of the
mandrel is aluminum (Al) and its cover is polyurethane (PU), which is immersed in water and under the influence of
the sound wave, which simulates its displacement and strain. In the next part, the results are simulated and checked
for different thicknesses of the aluminum layer to investigate the device sensitivity.

Keywords: Fiber Optic Sensor, Fiber Optic Hydrophone, Composite Mandrel, Sensitivity.
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Dynamics of quantum Fisher information for a coupled two-level atoms
embedded in anisotropic photonic crystals

S. Nafise Mousavi, Shahpoor Saeidian, Ghasem Naeimi

Physics Faculty, Institue for Advanced Studies in Basic Sciences, Zanjan, Iran

na.mousavi@iasbs.ac.ir, saeidian@jiasbs.ac.ir, ghnaeimi@iau.ac.ir

Abstract- In this paper, we investigate the dynamics of quantum Fisher information for a coupled two-level system
embedded in a three-dimensional anisotropic photonic crystal. First, the time evolution of the system’s density matrix
is analytically obtained using the Laplace transforms method. Then we explore the effects of the initial relative phase
and the detuning between each atom’s upper-level transition frequency and the photonic bandgap cutoff frequency on
the time evolution of the quantum Fisher information in the system. We demonstrate that anisotropic photonic crystals
can be employed as non-Markovian environments to controlling and preserve quantum information over a long time.

Keywords: Coupled two-level atoms, Anisotropic photonic crystals, Quantum Fisher information.
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The effect of unit cell geometry on the absorption spectrum of
metamaterial structures in the terahertz region

Farrokhi, Zahra ; Pakarzadeh, Hassan

z.farrokhi@sutech.ac.ir & pakarzadeh@sutech.ac.ir

In this article, the effect of changing the geometry structure and geometric parameters such as
the thickness of the layer and changing the radii and length of the rods, in order to change the
behavior of the spectrum, the number of absorption peaks, the amount of absorption and the
absorption bandwidth of the structure is investigated. In this article, geometrical effects such
as thickness and height are discussed in order to change the bandwidth, change the structure
and change the behavior. The design of this structure consists of five layers, from bottom to
top: gold metal, dielectric layer of dimethylsiloxane (PDMS), polypolyvanadium layer,
dielectric layer of polydimethylsiloxane (PDMS) and VO2-graphene mixed structure layer. ,
the results show that changing the geometry of the structure and geometric parameters
increases the number of absorption peaks, increases the absorption rate, reduces the absorption
bandwidth and changes the behavior of the spectrum in the form of a frequency shift and It is
used in fields such as biosensors, switching devices, etc.

Keywords: Absorber structure, Metamaterials, Terahertz and Unit cell.
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Simulation of Second-Harmonic Generation in ITO material under epsilon-near-zero conditions and comparing to the normal
case

Hassan Pakarzadeh, Zahra Firouzi¢
Department of Physics, Shiraz University of Technology, Shiraz, Iran.

pakarzadeh@sutech.ac.ir, zahraafirozi7676@gmail.com

Abstract- This article investigates the simulation of second-harmonic generation (SHG) in ITO material under epsilon-
near-zero (ENZ) conditions and compares the obtained results with the normal case. By simulating in both normal
and ENZ cases, the SHG behavior of ITO has been analyzed. The results show that in the ENZ case, the efficiency of
SHG increases significantly, which is due to changes in the nonlinear response of the material and complicated optical
interactions. This is particularly important in the field of nonlinear optics and optical sensors.

Keywords: epsilon-near-zero, indium-tin-oxide, Second-Harmonic Generation simulation.
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