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Comparison of transition metals in resonant-grating-based magneto-
plasmonics amplifiers

IMansoureh Amanollahi, 2Mehdi Zamani

Faculty of Physics, Shahid Bahonar University of Kerman

IM.Amanollahi@phy.uk.ac.ir, 2m-zamani@uk.ac.ir

Abstract - In this article, a magneto-plasmonics amplifier structure based on resonant-grating is presented. This
structure is a combination of a metal grating with magneto-optics properties, on which a thin strip of transition
metals is placed. By irradiating a p-polarized wave onto this structure, the transverse magneto-optical Kerr effect
(TMOKE) for gold, silver, copper, platinum, palladium, and nickel has been compared by plotting the numerical
value of this effect (8) according to different angles of incident light. The significant values obtained for TMOKE
show that when the condition of phase matching is fulfilled, the excited surface plasmon polaritons will strengthen
the field and ultimately strengthen TMOKE. Additionally, the results indicate that gold and silver are the best
options for this type of structure based on the properties of the metals used.

Keywords: magneto-plasmonics, resonant grating, TMOKE, transition metals
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Colloidal Particles Aattachment Eenhancement in 2D Colloidal
Crystals Using Heat Treatment

Emell, Ghafeli '; Farzaneh, Bayat!
I Department of Physics, Faculty of Science, Azarbaijan Shahid Madani University, Tabriz,
Iran

emel.ghafeli401@gmail.com, f.bayat@azruniv.ac.ir

Abstract- In this paper, 2D colloidal crystals consisting of monodispersed polymethyl methacrylate (PMMA)
microspheres with a diameter of 420 nm were grown on a glass substrate using a Langmuir-Blodgett deposition
device. In the next step, to change the distance between the polymeric spheres of the colloidal crystal, we place
them in the furnace at different temperatures and for a certain period of time. Then, the results of UV-Vis
spectroscopy showed that the optimal time and temperature are 5 minutes and 100° Celsius, respectively. Scanning
electron microscope images of the optimal sample before and after heating show that the connection between the
polymer microspheres has increased. The fabricated two-dimensional colloidal crystals have potential applications
in various fields, among which we can mention the construction of substrates for chemical and biological sensors,
lithography masks, solar cells, plasmonic nanostructures etc. Therefore, it is very important to control the
properties of these crystals through furnace heating.

Keywords: 2D colloidal crystal, Air-liquid interface deposition method, heat treatment, polymethyl methacrylate
microspheres.
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Design and optimization of an eight-layer optical reflector using
genetic algorithm

Anahita Zabihi Samani, (anahitazbh@gmail.com)
Hamidreza Fallah, (hfallah@sci.ui.ac.ir)
Morteza Hajimahmoodzadeh, (m.hajimahmoodzadeh@sci.ui.ac.ir)
Hossein Zabolian, (zabolian.hh@gmail.com)

Department of Physics, University of Isfahan,

Abstract- In this work, genetic algorithm is utilized to optimize the thicknesses the layers of a multilayer. In the
initial design, the thickness of all layers is assumed equal. Using the equations of light propagation in multilayers
and considering a criterion for completing the steps of repeating the algorithm, the final thicknesses of the layers
are determined by the genetic algorithm. Repeat steps of this algorithm are performed for all wavelengths between
400 and 1200 nm with a step of Inm, and the best thicknesses are determined after the optimization procedure.

Keywords: Optical Multi-layers, Optical Reflectance, Optimization problem, Genetic algorithm.
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Investigating and comparing the stability of output light intensity
from ring and linear fiber laser resonator

Mahdi Karimi, Atoosa Sadat Arabanian, Reza Massudi

mahdi.karimil @Mail.sbu.ac.ir , a_arabanian@sbu.ac.ir , “‘R-Massudi@sbu.ac.ir

Abstract- In this article, a system of linear and ring fiber laser resonator was arranged. formation and stability of
the output light in these two arrangements are compared. The experimental results show that continuous ring
laser resonator with a power of 12 milliwatts, has noises with a width of nearly 2 microseconds and an amplitude
of about 60 mW, while continuous light output intensity from a linear laser resonator with same power, has noises
with a width of nearly 2 nanoseconds and an amplitude of about 3 milliwatts. This experiment shows the lower
intensity stability of the output light from the ring resonator compared to the linear resonator.

Keywords: Ring laser resonator, linear laser resonator, continuous wave laser stability
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HYV board design for electro-optic switch operation

Mehdi Keikha, Reza Masoudi

Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran

m.keikhah@mail.sbu.ac.ir , R-Massudi@sbu.ac.ir

Abstract - Electro-optic modulators are one of the vital components in many optical systems, including laser
amplifier systems, Q-switching for pulsed lasers, pulse collector for ultra-fast laser systems, and also are used in
reshaping pulses. As the active component of an electro-optical modulator, Pockels cells require an electronic
circuit capable of fast and clean switching of voltages of several kilovolts. In this article, we report a suitable
electronic circuit including a set of MOSFET transistors and evaluate their performance in terms of switching
speed and accuracy. This circuit can generate high voltage pulses with low power loss and rise time of nanosecond
order and fall time of microsecond order. We discuss the advantages and disadvantages of this circuit and suggest
some of its applications.

Keywords: Mosfet Transistor, Pockels cell, HV Fast Switching, Electro-Optic Modulator
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Simulation of circular photonic crystal fibers carrying topological
charges up to seven order

Saba Mirzaee, Mahdi Bahadoran® and Hassan Pakarzadeh

Department of Physics, Shiraz University of Technology, Shiraz, Iran.

Abstract- The circular photonic crystal fiber (C-PCF) carrying the orbital angular momentum (OAM)
of light with topological charges up to 1=7 was designed and simulated for the telecommunication
region. The designed photonic crystal fiber has three rings of circular air holes in the silica
background. The C-PCF was designed in Lumerical software in mode module using the numerical
method of Finite-Difference Eigenmode (FDE) solver. The introduced C-PCF takes advantage of a

low loss of 1.468 dB/cm that supports a number of OAM modes, including EH,,, HE;, until

topological charges up to I=7. The results of the present research are applicable to classical and
guantum optical communication, as well as increasing the capacity of information transmission in
optical communication systems based on spatial-division multiplexing.

Keywords: Orbital angular momentum, Circular photonic crystal fibers, Topological charge.
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Fusion of type B mouse myeloma cells by femtosecond laser pulses
Nastaran Kahrarian', Atoosa Sadat Arabanian2, Reza Massudi®

Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran.

n.kahrarian@Mail.sbu.ac.ir!, a-arabanian@sbu.ac.ir?, r-massudi@sbu.ac.ir?

Abstract- Cell fusion is a basic biological process that can be done artificially by different methods. One of the
challenges of the cell fusion process is to improve its efficiency without adding chemicals. With the advent of high-
power peak femtosecond lasers in the near-infrared resion, cell fusion has become possible with very few side
effects. In this article, the fusion of murine myeloma cells by femtosecond pulsed laser with the wavelength of
1040nm is experimentally investigated. The results showed that the cells started to fuse after 2 minutes and

completely merged after 20 minutes. The amount of power required to fuse the cells is 57mW and the energy of
each pulse was 2.4nj.

Keywords: Mouse lymphocyte cell, objective lens, femtosecond laser, cell fusion.
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Presentation of a theoretical schema for improvement of squeezing

and anti-bunching of the field using the degenerate parametric
amplifier

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: In this paper the response of a degenerate parametric amplifier to the standard and nonlinear coherent
lights is investigated and compared. Assuming that the incident beams are initially prepared in number states,
nonclassical properties of the output beams such as the first- and second-order squeezing and anti-bunching have
been investigated based on the linear and nonlinear coherent state approaches and compared with each other. The
results show that the output beams possess the first-order squeezing in the position quadrature, the second-order
squeezing in the momentum quadrature of the field and anti-bunching. The squeezing and anti-bunching become
stronger by substituting the nonlinear coherent states with the linear ones.

Keywords: Anti-bunching, Degenerate parametric amplifier, Squeezing, Nonlinear coherent state approach.

ovf


mailto:mktavassoly@yazd.ac.ir
mailto:a.noury@stu.yazd.ac.ir
mailto:a.noury@stu.yazd.ac.ir
mailto:mktavassoly@yazd.ac.ir

(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

o zoo b s ell oy cwl 90 4 e ot ye
(D=5, spie 5,55 SedS Syyo 4
O )50 GSepy (Sbele

¢ o oS Wl 0oV =hk, (aTZ,Bpe’”’ +a’fBe”)

Y ol
S, Aol gl - Sl oy gae asls B g 56

&)ge 4 S nle
;a5 <ol a(t) =a, cosh(Q,t) —ia,' sinh(Q t)e™
s G =alt=0) 5 o, W52.Q =218, o
Sygo ol i A G5 g AlST gl ,g51 j0leS .l ouls
bys plpln s X =(a+a")/2 5 x,=(a—a")/2i

7] 05 o0 o a5 5 0 y90 4 J5l 45 50 Sl

2@ [
([%%))

, (I=1,2), -1< S, <0.
M
n n 7[ .
oae " s Hlae g ¢=E S ol S 0L
:M)lo d.wla W) Lg)'LwooLoT

S, =(2n, +Dexp(-2Q,t) -1, ™)

S,, =(2n, +)exp(2Q2 t) 1. )

A=a 1+21nb W8l S ,0sS Soip Sles S
.

a

(JEKs 93 5 doles @, ((Sabcas ool K Q’\)o a5)

Sl Sl (Vlew! y=—2
2w

a

S oo 2

Db o gy Dyge 4 Seileold (oS A S5

ihQ
V = 5
2

9]

(A*—A”).

el 3 Do 4 Siple 8 > doles by

A(t) = A, cosh[Q t(1+yn,)]- At sinh[Q t(1+yn,)],
)

NN

doddo

Seied Gl 5l e 4l ol e )5 S
b S gl O 0 &5 08 s d Sl el a
IR o S Yo oal b plegiy 4 Sy
sl adg 4 e b iaSea, ool DN o5
Ceal &5 Wigh o (quablideg Sl b (S5 8
[2] (oo5lsS Dbl 5 Claslxe aie) jo (plien
a5 [F] 098 g cusis 5 8] (sogileS K5,
S8 2 slacdl onl Cogis sl al) 8L jshate
S relil oS Lol S (295 lagip 1Sl ol
sl " o g098 gin o5 S o b 1) e
5 o Bt 5 B3 pegsen S g o DI
S2y,Sok g Sadls alie opl o [0] wles,S anslis
adgl " 50 (50958 95y 58,5 S e L) lagin ol

w2100 ) guy gy Lot 4 M(goas
S oM gl eaiS osls G o railels hogs
4 e g 03,5 0y95 p (o pd bame S 4 ey o0
sl b () JouT 5 ((58) JuSms sbogi yy 0gs
zoe loul) U8 50 0als il ojlg b 0 050 o LSy
93 9 03,5 ASehp ped e b e bone b ey
O gy ol a5 WS e adg gl s JUiSew 555
boe 5 pow ade bt s bume Glp |y ey 2

WSS (oo S5k S pgd A e bt il

denal(r)

pump(2z |

signal (1] A idler{e)

purnp{2es) |

slogiy (S pd gla Shy o5 e (Sl alels N S

S o ool 1) JauT g JiSw (g,
Oy S ey o2 ebeln
@Y a 5 (0 byl e as el V=t (a’b+a%")
JUm 5 oy slogip (B3 sopb Slee s @

Goldpd 4 aiul L;Muo} b K, ¢ s

]



(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

Number state,C=1,p=1

2.0
" Sxys 720=25
—— Sxy. 720=50
— Sixy. 720=75
—— Sxy. 720=100
- 0.8 1.0 1.2 1.4 1.6 1.8 2.0
«Q,t

il & b i el s e gilolsS s sl aye (Suidle Y UKo
Number state, C=1, r20=50

oo o Sx,» »=0.5
=
‘g 1.5F —_— Sy, »=1
m@- s — Sy, ¥=2
E os — Sxy.¥=3
=
< 0.0
= _os \

—1.0

os 1.0 15 2.0 2.5

S 4 Sl 3 05 5 e by F S

n,=50,C=1
Sl 50 4 (gl a5 sl aie ¥ oY 5 Y sl IS
O Lol 5o ol 4o (SDy s 5 (o
sl Sl bme ikl b g waon &

D9 50

Number state

2r - S
=l [
£ s

= — s.
s - — s
v

-

=

£

s

=

- 1.5 2.0 2.5

s> Al o alSS el 0leS 10 pgs A e S 0 S

Number state, C=1,>»=1

a
Sixzs 720

=
E
s — Sxs- 720
=
= S
£ — S rro=
I
=
E
>3

- [ o 1S

«,t

las oy clls 0 alSS 95l )0lsS )0 pgo Al e Sadl> F S

Number state, C=1, 720=50

0.0
oo S e =o0.5
= —oz2[ Sxy. =0
s — Sx.»=1
S —oaf
= - Sxy. =2
= -osf — Sx.»=3
T
=
E —osf
2
3

—1.0f

0 1 E3 E] a

.t

sl 4 b e s o a5 5l )0lsS 10 pgo A e Sadle Y IS
. n0=505C:1

N4

5 e clo,gil,olsS sl Ay = At =0) T 5 a8
Oygo 4 AL Ko Jeie Shee sl Al
Slals o X, =(A=A)/2i 5 X, =(A+A")/2

1yl oo Cawd 4y 5 O jso 4 Jol 4 e (S el )l

Sy, = (2n, +1) exp[-2Q t(1+yB82)] - 1. &)

A5 g e sl 95150198 Ly a3 bzpgs Al e (Saidl

s X=@"+a")/2 oo 4 bs b s,

ol & pgs aiye (SOl Ll <X, = (@7 —a") /2

il O g0
2
S, = (no;—nozlj cosh(2Q,t) -1, )
* n, +
Mo + Ny +1 )

-

Do & 1y ablpees Al 5 e slaygly0lss ST
oyt X =(R—AP)/2i 5 X[ = (A4 A)/2
Gl (V) anl, elol  Slasbre bl L puiS

iplo bl (Sl sl il
oo

oo

BC:% 58,8 Sl o L) abgs e slaloges aalsl o

2100,5" oy 4ol (slagygisd slass plgae 4 g

Number state

sech(2Q2 t) —1.
2n, +1 j (2€2,0)

nZ +n, +1
2n, +1

0

jcosh[ZQ t+81-1,
Q)

2
ng +n,+1

sech[2Q t(1+ v8°)]-1.
2n +1 j [2Q,t1+8,)]

QRD)

a
S =25
2
i 2 720=50
2
= — Si,e770 =75
3
=3 —_— Sk =100
=
=
s
o<
£
=
s s x s a

b S s e sl,lsS s sl astpe (Sl Y S



(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

SN bt e g b S g0 s gl i S
2 psS ddye (SN 5 ol HelyolsS o sl 4 e
0992 b3 5e8) 7 Sl L g aes e 7, ST g3l p0lsS
o e S 995 Mo (n ey & (SO (e
Eon Ses b Soim Ses 035 (3Rl L cnl by
S ol 5l osdios Cusl (Saidly axbl S i
Sl St o ed 5 b Sl 95 2 6l Gy (7)
FbP e bg dinn ( Sog S0k gl (25,5 slogin
ol &S Sl dgdge okl (SagSoly dae (ol
b plosl "M " 4 e 538, 5 0 L Sl
plos ;o lSS )3 pgs 4 ye 5 OlSe )3 Jol 4 0 (SN
adgl " 8.8 ks o b Ll sls e &) (Silej sl

Esdy wals oy Guae S cwdS Gl e Mgoas

09 Sz
Lz o
1. R. W. Boyd, Nonlinear optics, Forth ed.
(Academic press 2020).
2. M. A. Nielsen, and I. L. Chuang, Quantum
computation and quantum information

(Cambridge university press 2010).

3. M. Hillary, Physical Review A, 61(2), p.
022309 (2000).
4, H. Huang, S.Y.Z., and M. S. Zubairy, Physical

Review A, 52 (1995).

2 S S eblaems , lugi walil ()50

b oS bl oaiiSusts S (295 slagin

oS eiin (Sl Gegaen slacdl> cila,
YVY ol o, S

6. M. S. Zubairy and M. O. Scully, Quantum
optics (Cambridge University Press 1997).

7. M. Momeni-Demneh, A. Mahdifar and R.
Roknizadeh, ,JOSA B, 39(5), p. 1353-1363
(2022).

oYY

& SS L,lolsS jo st s g et Zdl 90 s sl
b 9) 7 RIBILY JSS Bl egas 4 g s
Dgd(se Cughi (Sadlz (b (09

Number state

6028 0)-80)

ro=75

— 720=100

0.04
Ot

bt b gl G2(7) el A s

Number state, C=1, =1

7 =15C=1 yljla s, > gl GA(7) el U

el yo (Nwrad U (Ko9,50k (o) Sl 1 S09,50
(€7 (4)E" (t,)E(t,)EL)) e §11, g0
(eve)’

ale ol L=t4+7s t=t. 6=4, Ayl
S2 Sl sl Y by S e
) Gaw(r) K25k el [#] el g2() > 0(0)
Gy py Dy bl g s Zdle; oo ol
oS (o0

QRY;

S 9%() =

—oye @

Gza(A) (r)= ga(A)2 (7)- ga(A)Z (0).

So5,50l satasolis Gip (7) oo e ol
ol Cota Gl (7) A 5 A GlaSs G ol
L 015l 5 s o0 & bagin ol sl (25,500 cnl s
polie cpl 5l 2855 Jles & JSG 50 el )l cpl polie oS
L) G935 Shes 9,5 iRl b A S0 o
ooged Sl Al IS s (Sg5s Sas b (Gugies

Dy oo ool (S 5k (b s



Ol
S g Seiul il
/‘U// o AT e 3l
‘W Olrl Sigi9d (5,9L8 4
lials olSisls
VEY g V) G2

Opiye.,
s

gleals al=dila

o Joo 31 osliiwl b ailF s (glo yliwybeo pbodio bauso (6 jLudonis
s )bobo

559595 Salos ‘=) J.M:L? ‘GSLo)’ (o, 0
Y SOVEREN F T EPRN E PR (v KO PRV PR T K
maryamzamaniil370@gmail.com, y.rajabi@du.ac.ir, kokabi@du.ac.ir

Sl st (s 3 50 (I 5 (o Gl plod WIS > g )il Ly i WM . ossl oo )0 poten arlon 31 (K O — oS
695 5345 355 45 29 s0 pbSlio Lasxa 31 (63908 (sublitng iUl 1yl E30 G4z 3B Sllugi el oS sl I35 5l
Sliseo gl oo pbdlio (balansmo gl gl 9 o0 )5l G450l Lo & 98 5O ki Cely 93,105 o0 (092 prglal CadS
U sbbmo 5l (S G0 Joo .digd oo (gududiowd busmo 4091 8 ySlucod U (xKod wlu! o b Joo ol canl 0als &ily] (yga5G
sluxo gy o jLd,; (S )Gl oD Jowo jl oolisw! b alio cpl 5o .cawloniioold dzwgi (60 Kluwal g Kol byl o
BB lol Glodar pblie bauze (5930 31 55 (a5l HLAG! JLd) (cuny 0 (Sl (s - (63 Lt (355LgS (gl yLim e
S )Gl oS Joo 5950 31 5Ll J1 50 55 (6450 4L wad jud g ¢ o jlu ST 1 soliw! b cuizred .0y 48 sl
Sl gloyod jab 4 (S, B Jow (4959 31 HLA! 51 50 a5 L Culs @595yt [l Colod )3 9 0 (omy 2 ¢ 00l (g5l ands

el Cawas gl g 2 o Glo bl 6565 slalaxo

S 55 oD ke ebodlie Laoms (ilE iz (gl Lol (sLib ¢ 5d 4S5 b Lal —o3ly ol

Simulation of multiple interstellar turbulent environment using Tatareski
turbulence model

Maryam Zamani, Yasser Rajabi, Khodadad Kokabi
Department of Physics, Damghan university, Damghan, Semnan, Iran.

Abstract- Turbulence is one of the important topics of science. Turbulence almost affects the structure and motions
of all temperature and density regions in the interstellar gas. Turbulence causes phase fluctuations of the par
electromagnetic wave front passing through the turbulent environment, which greatly affects the quality of
astronomical images and causes a change in the laser beam intensity distribution. Various models have been
proposed to describe turbulent environments. These models are classified based on whether the environment is
homogeneous or isotropic.Tatareski model have been developed for environments with heterogeneous and
anisotropic conditions. In this article, the behavior of the environment for various interstellar environments is
simulated using the Tatareski turbulence model. Then, a laboratory setup was created to investigate the
propagation behavior of the laser beam within the turbulent environment. Using the intensity detector, the drop
and rise of the laser beam intensity due to propagation from within the simulated Tatareski turbulence model was
investigated, and finally, this change in beam intensity distribution due to propagation from within the Tatareski
environment simultaneously for different interstellar environments was checked and the results were obtained.

Keywords: Simulation, Multiple interstellar space, Tatareski turbulence model, turbulent medium.
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Study of nonlinear refractive index of methylammonium lead iodide
(CH3NH3PDbI3) perovskite precursor

E. Moshtael!, M. Borhani Zarandi!, E. Heidari Zefre!, H. Amrollahi Bioki!, M. A. Haddad!?

! Department of Physics, Yazd University, Yazd, Iran, PO Box 89195-741
2 Photonic Research Group, Laser Spectroscopy Research Laboratory, Yazd University, Yazd
elmiramoshtael@stu.yazd.ac.ir, mborhani@yazd.ac.ir, elhamh0520@gmail.com,
hojjat.amrollahi@gmail.com, mahaddad@yazd.ac.ir

Abstract- Lead halide perovskite is used for a wide range of applications in optoelectronic devices due to its unique
photophysical properties. Recently, it was found that organic lead perovskite exhibits good nonlinear optical
properties. In this research, a Methylammonium Lead Iodide perovskite precursor with a concentration of 0.5 M
was prepared at low temperature and room pressure in solution. The nonlinear refractive index of CH:NH3PbIs
was studied using the closed aperture Z-scan method. A continuous diode laser with a wavelength of 532 nm was
used at various power levels. The results indicate that as the incident power increases, the nonlinear refractive
index also increases and reaches a value of approximately 10° cm?/W.

Keywords: Nonlinear Optics, Lead Halide Perovskite, Z-Scan Method, Nonlinear Refractive Index
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The effect of poly(methyl methacrylate) layer on the performance of
perovskite light emitting diode

Ali Akbar Rostami, Mohammadreza Sadeghi Ghiri, Ezeddin Mohajerani

Laser and plasma research institute of Shahid Beheshti university, Tehran, Iran

photonics.alia@gmail.com, mrezasadeghi5@gmail.com, e-mohajerani@sbu.ac.ir

Abstract- This paper investigates the effect of the Poly(methyl methacrylate) (PMMA) layer on the performance
of perovskite light-emitting diodes (PeLEDs). In the PeLED structure with insulating PMMA layer the rate of
electron injection into the perovskite layer and the rate of exciton formation have been modified and probability
of photorecombination is increased, while the current passing through the device and the generated heat decrease.
Additionally, the PMMA layer serves as a protective layer for perovskite against deleterious factors such as
moisture and oxygen. Consequently, the utilization of the PMMA layer has led to an enhancement in the luminance
intensity, stability, and lifetime of perovskite light-emitting diodes.

Keywords: stability, perovskite, poly(methyl methacrylate), light emitting diode, luminescence
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Plasmonic induced transparency in hybridized double split ring
resonators using PCB in terahertz region with sensing application

Abdolrasoul Gharaati', Mohammad Reza Forouzeshfard?, Maryam Salari**
1-Professor, Physics Department, Payame Noor University, Tehran, Iran, agharaati@pnu.ac.ir
2-Associate Professor, Vali-e-Asr University, Rafsanjan, Iran, m.forouzeshfard@vru.ac.ir
3°-PhD Student, Physics Department, Payame Noor University, Tehran, Iran, laser.salari@
yahoo.com

Abstract- In this paper, plasmonic induced transparency in a structure composed of hybrid split ring resonator
using computer simulation is studied. One of the most advantages of the structure is its design based on available
PCBs and operation on the THz regime as well. Rotating inner SRRs create PIT effect on the structure. It is shown

that the structure can be applied as a refractive index sensor. The sensitivity value of 240% is reported for the
structure. It is also shown that, the structure is a good candidate for detecting the HON2 avian flu virus.

Keywords ;plasmonic induced transparency, Double Split Ring Resonators (DSRRs), Printed Circuit Board, Sensor,
Avian flu virus
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Observation of the Resonant Mode in Topological Photonic Crystals
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Abstract- We investigate the resonant modes that arise from local defects introduced in non-trivial
topological states of two-dimensional photonic crystals. By applying an external magnetic field to break
time-reversal symmetry, a topological bandgap is opened, supporting one-way edge states. Defects
introduced in this topology give rise to high-quality factor (Q ~ 10°) resonant modes within the bandgap
that can be switched on/off with the magnetic field. We analyze the electric field distribution and
transmission response of these topological resonant modes.
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Fig. 1. Band structure of the lattice (solid line
represents normal state; dashed line represents
bands in a magnetic field) and C is Chern number
for non-trivial topological states. Also, a two-
dimensional honeycomb photonic crystal unit cell
with dielectric rods (e, = 15,a = 10 mm, r

0.2a) is depicted.
The magnetic permeability tensor of ferrite which is

defined by:

4 ik 0
u=-ix u 0 1)
0 0 1

is calculated when it is fully magnetized. The tensor
elements are k = 0.680 and u,. = 0.850 for the
Y1G with an applied field of 500 Oe (or 0.05 T) at
7.5 GHz [9]. Since this system exhibits magnetic
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Fig. 2. The transmission spectrum of a zigzag ribbon
within a magnetic field with ten zigzag chains. A
topological gap can be seen in the grey domain.
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1. Introduction

Topological photonics is a relatively new area of
investigation that employs the principles of
topological phases to explore, design, and control
the behaviour of light [1]. Since 1980, when the
guantum Hall effect has been discovered, the field
has developed significantly [2]. By predicting one-
way electromagnetic modes similar to the integer
guantum Hall (QH) effect, Raghu and Haldane in
2008 extended this analogy in a new direction [3].
The first simulation of photonic topological
insulators for gyromagnetic square photonic
crystals was presented by Wang et al. in 2009 [4],
and Ao developed the idea for a honeycomb
photonic crystal [5]. Topological photonic crystals
with one-way edge modes are promising for light
waveguides and manipulating light directions when
there is no absorption [6], [7]. In another work,
Villeneuve et al studied two-dimensional photonic
crystals in 1996 to investigate resonant modes
arising from local defects [8]. This study
investigates a topological honeycomb photonic
crystal with local defects, revealing resonant modes
with high-quality factors.

2. Results and discussion
We first examine the band structure of a two-
dimensional honeycomb photonic crystal based on
dielectric cylinders in the air (shown in Fig. 1) with
a = 10 millimeters (mm) and r = 0.2a for TM
polarization. Dielectric cylinders have a relative
permittivity of &. = 15. To calculate the band
structure, finite element approach is performed. The
results are presented in Fig. 1 (solid lines).
According to Fig. 1, there is a degeneracy in the K
point before breaking the time-reversal symmetry
(solid lines). As a result of breaking time-reversal
symmetry, the degeneracy at the K point is lifted
and a gap is created (Fig. 1 dashed lines). Ferrite
rods (i.e. YIG, Yttrium lron Garnet) can be used to
implement gyromagnetic anisotropy to break time-
reversal symmetry. The magnetic anisotropy of
ferrimagnetic materials is induced when a DC
magnetic field is applied along the rod axis (z-axis).
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Fig. 3. Local defects in a non-trivial structure.
There are ten rods removed.

spectrum displayed in Fig. 2 is obtained by
sweeping the frequency. As anticipated by the band
diagram, a gap (depicted by the grey area) is
observed in the transmission spectrum due to the
disruption of time-reversal symmetry. It is
important to note that edge state propagation cannot
be observed in the transmission spectrum since the
observation port is outside the structure. Modes can
be generated in photonic crystals when a small
defect is introduced [11]. Essentially, the defect is a
microcavity surrounded by reflecting walls. When
defects are of an appropriate size, they can support
states in the band gap, and in this case, the gap can
be topological. Therefore, a resonant mode is
introduced inside a structure through a local defect
[8]. As a result of removing ten rods, defects are
created in the structure (Fig. 3). Fig. 4(a) shows the
electric field distribution for the resonant mode for
a specific case where the radius of rods is 0.2a.
Electric field lines are polarized along rod axes and
decay away from defects rapidly. The mode’s

frequency is fz0.258§. The transmission

spectrum in Fig. 4(b) is also shown when a local
defect is present within the photonic crystal while
time-reversal symmetry is broken. This leads to
sharp transmission in the resonance mode with a
transmission of 0.6. According to this definition, the
resonant mode in the non-trivial phase has a very
high-quality factor of 1.07484 x 10°. There is a
further advantage to this resonance mode, namely
its ability to be switched on and off through an

O¥F

anisotropy, Maxwell’s equations are modified to
account for this anisotropy: the magnetic field is
removed from Maxwell’s equations:

Vx(W'VxE)=¢,0'E @

Here, u~1, the inverse permeability tensor, and
£(r), the scalar permittivity, are both functions of

position, and ® is the mode frequency. The
Hermitian inner product can be expressed in
Hamiltonian form as:

(E/|E,)=[&(n)EEd’r 3)
Time-reversal breaking in magneto-optic crystals is
crucial to the emergence of non-trivial one-way
edge modes. As a result of this effect, the Chern
number is determined. Each band of two-
dimensional photonic crystal is characterized by a
Chern number, a topological invariant that vanishes
identically unless time-reversal symmetry is broken
[10]. The Chern number of the n;, photonic band is
expressed by:

1 2
Cr=gar [l k)d% @
Q,(k) =V, xA (k) )
A1(k) :<Enk|vk|Enk> (6)

where Q (k,, k,), A/(k), and E, represent the

Berry curvature, Berry connection, and ng,
normalized eigenmode of the Hamiltonian of the
system, respectively. Chern number is always an
integer. When the time-reversal symmetry is broken
the band could be topologically nontrivial.
Additionally, a gap is nontrivial if the sum of its
corresponding Chern numbers is not zero, which
means it has edge states. According to Fig. 1, the
Chern number of the broken time-reversal
symmetry is not zero, and the created gap is non-
trivial. The purpose of this study is to find a resonant
mode within a photonic crystal through the
introduction of a defect, specifically in a non-trivial
topological state. Therefore, light propagates only
through edge states. In addition, the transmission
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externally to a photonic crystal with anisotropy in
permeability. Therefore, we observed a sharp
transmission with a very high-quality factor of
1.07484 x 10° in the topological gap. Besides its
high-quality factor, this resonant mode can also be
controlled by a magnetic field, providing a wide
range of applications.
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external DC magnetic field due to the non-trivial
phase of the photonic crystal. As a result, optical
switches or modulators can be designed based on
this proposal and the transmission peak can be
actively switched on and off by applying an external
DC magnetic field.
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Fig. 4. (a). Electric-field distribution of TM
polarization in honeycomb dielectric rods. The
resonant frequency lies inside the topological gap.
Inside the cavity, the electric field can reach
5.5 x 10* V/m (b). Transmission spectrum of
the structure with local defects.

In addition, resonant modes can be used to design
power-splitters. As a last point, the strong electric
field confinement in defect cavities may allow for
nonlinear optical effects, opening up new research
avenues.

3. Conclusion

We have shown that a resonant mode appears when
a local defect is inserted into a photonic crystal with
broken time-reversal symmetry. To obtain a non-
trivial phase, we applied a DC magnetic field
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The effect of changing halogen in solar concentrators based on
organic-inorganic hybrid perovskite
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Abstract- In this study, the effect of halogen changes on solar variables based on organic-inorganic hybrid
perovskites CHsNHsPbls, CH3:NHsPbBrCl., CHsNHsPbIBr2 has been investigated. The results of the current-
voltage density and external quantum efficiency diagrams show that solar providers based on organic-mineral
hybrid perovskite CHzNHsPbBrClI. have the highest relative gain compared to other samples used in this study.

Keywords: external quantum efficiency, organic-inorganic hybrid perovskite, voltage current density.
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Investigating the effect of ions on the nonlinear optical behavior of
quantum dots CdTe

Elham Heidari Zefre! , Mohammad Ali Haddad ', Hakimeh Zare? , Ahad Amiri!

1 Department of Physics, Yazd University, Yazd, Iran

2 Photonic Research Group, Laser Spectroscopy Research Laboratory, Yazd
University, Yazd, Iran

Abstract Quantum dots have attracted the attention of researchers due to their unique optical properties. In this
research, the effect of adding ions to the solution of cadmium telluride quantum dots on their nonlinear optical
behavior was investigated. The nonlinear refractive index was studied using the closed aperture z scan method.
In this research, a continuous wave diode laser with a wavelength at 532 nm and a power of 60 mW was used. The
obtained results indicate that the nonlinear refractive index of CdTe quantum dots changes with the addition of
ions. Also, the appearance of a peak and then a valley in the normal transmission diagram indicates the
phenomenon of self-defocusing and the sign of the nonlinear refractive index is negative in this case.

Keywords: Nonlinear optics, Nonlinear refractive index, Quantum dots CdTe, Z-Scan technique.
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Effect of UV Radiation on p-n Transition for Ammonia Gas Sensor
Based on ZnO/SnO2 Nanocomposite

Elahe Afsharmanesh, Hamid Haratizadeh, Fateme Bagheri

Physics Department, Shahrood University of Technology, 3619995161, Shahrood, Iran

Abstract- In this research, nano-hetrostructures of ZnO-SnO; were synthesized with the aim of making gas sensors.
Structural and optical analyses demonstrate that the ZnO-SnO- structure has been synthesized with a satisfactory quality.
Gas sensors based on these materials were examined to detect various gases under thermal and UV irradiation. The results
indicate a different behavior concerning ammonia gas due to the p-n transition behavior. This unusual behavior can be
considered as a suitable option for ammonia gas selectivity. Furthermore, other parameters related to ammonia sensing
indicate has the potential for commercialization and application conditions for identifying ammonia gas in industrial
environments.

Keywords: UV Irradiation, Gas Sensors, Selectivity, Nano Hetrostructures, Metal Oxide Semiconductors
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Investigation of resonance wavelength of plasmonic teeth nano ring with finite difference time
domain method

Faeze Barmode, Amin Ghadi and Narjes Nori

Barmodefaeze@gmail.com, a.ghadi@umz.ac.ir and n.nouri6163@gmail.com

Department of Atomic and Molecular Physics, Faculty of Basic Sciences, University of Mazandaran

Abstract- In this paper, a plasmonic teeth nano ring with using of metal isolator metal (MIM)
structure is designed and simulated. This structure is simulated with using a teeth nano ring
that is placed in Ag substrate with Drude model. With using finite difference time domain
(FDTD) method the resonance shift wavelength is investigated. The results show that with
increasing the number of teeth the resonance wavelength shifts to higher values and the shift
for the third mode is more than the first and second modes. This Nano ring can find useful
applications in designing Nano sensors and filters.

Keywords: Teeth Nano ring; plasmonic; nanostructure; Surface Plasmon Polariton; resonance
wavelength.

O


mailto:n.nouri6163@gmail.com
mailto:a.ghadi@umz.ac.ir
mailto:Barmodefaeze@gmail.com
mailto:n.nouri6163@gmail.com
mailto:a.ghadi@umz.ac.ir
mailto:Barmodefaeze@gmail.com

50nm

50n

(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

Joe 5l soleiin HL5le (ila ad 5 ol (59,580 g
i ol b ogam 90 FDTD (55, 51 5 o0
$b S Slad VS8 sl 0 oslil dX=dy=5nm
,W=40 , h=30 slul L I, silass A 5 JSiie o) aslass aal>
Qo5 o olis gl cows p T3y = 150 475, = 200
eSS o y2 150 5l b pizge g dlile SIS eSS i p5 oS
line jglay .l ool 48,5 1ai 5 55,0 Joe 5l BlLbl Loz
VPl JSeie ol wlwss adl> b SO Sl 58 ¥ IS
a2 oo lid 1) egil cans  aline (gLl olal L 1 aslass
CeSh o y2 9 150 5l b g g 4l 510 S o p5 a5

sl o0l 48,5 a5 5 09,0 o 5l Bl bl e

yW=40 6 sl caasin b aslis cuie goal> Sayais:) S
gl e Ry = 150 4 R,y = 200, h=30

Gl dasin b s oopls geal> Sosaus ¥ G
a5l oy Riy = 150 5 Ry = 200 ,w=40 , h=30

OFY

doddo
(6398 Seig S Sl lae gez S 4 (5590955 3,505, L
g 350 Seigendly lasl 5 byl 5l oslil b 0 el
(osbliog 58Ul glgal (el slacyg )My (gedly 02518
O S e mhaw ;3 edighoze o Sy JSay &S witen
lagga b Hyedly Wgdoe piiie SySllgs g sk
i a5 550 &1 45 YU sl ol Jdody o
5 omabliieg iSUl gl oo LS V] wlad F )13
WS g0 Sl (G 2SIl el DIl pelas 1 Sl5T (glagyg Sl
oS Sigandly 55U sl Il 5l (S ansS Sigedly |y T &5
$U )l ) 398 geizme slajlae (b 3 (riwg 008
Jodo Sgendly o dil> gl el (Sigendly sla adl>
Sl 5 5l (2 g Job oLl L oty el rals
sl il g Wl o o] cwoie ol & gasais Lyl,s
05e5 18 ooliisl S50 b yguins glsil g 38 W iy wily
sl ail> 5 oglite g lsle slgriey b alie ol o [Y]
ol o wass ol l aslllas 4y ool eolitul Jgere
@bl e (Seigedl dil> gl 4oy (59, » wlais obxl
bulpd b aalllas b opizmen 095 0 o] gaais bulpd
(oloj 059> Sguzma Jolds yhg, as (gl ailais dal> ol wyouis
adllas 3550 b alais slal jsS L) waidS zoe Job (alml>

A el 5 L
Sleds O g0y (golpainn S0 ol wlwis dal> gl [Lsle
g0 g S auadd dae .l oal ooy Hlas Vg ) IS o
RO PRVAPCEIR SN ER | I I VS G OV WP Y

Of SnSls up g 48,5 518555 085 518 izl e o0l
{F] 2 5 o0 S350 39,0 Jaa b,

2
@p

t(w) =€, — M

w?+iyw
2 S Slles cul Eoo = 3.7 slaysly LR @ oS
w, = 1.38 X108 (rad/s) ol o553
53y =2.73 X 1013 (rad/s) ;L .05,



09

08

0.7}

06

oS5

04

03

(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

——w=60, h=50
——w=60, h=40
w=60, h=30
——w=30, h=50
——w=50, h=40
w=50, h=30
——w=40, h=50
——w=40, h=40
——w=40, h=30
w=30, h=60
——w=30, h=50
——w=30, h=40
-w=30, h=30
—w=40, h=60
——w=50, h=60
——w=60, h=60

1400
A [nm]

800 1000 1200 1600

Sl et bl GliSe o zge Job bl 2 (6590 ko oF S8
&l @10 0035l e W sligs 9 N

@y la wlais el g wais gee Jobo o alaly pizren
ail>gil sl ¥ K2 jloges S sl ol slo Wl
QAL zge Jeb Ol s Jlogad .M\oola olas 1y ol ailass A
sl h bl w=40nm ol o wlis cuin p>ge
-0 odpline Sl o el 00l o 3 O S o e
4 e h eyl Sl W=40Nm ol sl el ,o 09
D05 (o0 WS @ae Job )0 Sresl wir SasS abel>
T Jsb alml g svalin ploo Joged 5l izen
S o bt mls el Ay 5 Ay 5l iy Ag spais
WAl zge Job Ol Jloged O UK 08 0 008 £ 9 0
B o sl wlais A il o g 5 290 ol sloas
W=40Nm s wlas by b 4w glp b alis
Soges yo jshailen .ams o olis |, W=60nm 3 w=50nm
5o sk St Oliee N gl jomi b 0500 ssalis
b sl stelioe Judow casloas ady 51 iien Jol v wpais
D9l o oddline £ S jo gl aslass VF asl>

OFY

aal> ¢l gl alass slows g ple Olpuss 30 L ol o
b Sy SlpesS G 9 Sz sl b 55, 1) Syl
Al 5l (5500 il Hl0903 ¥ ISD 1S o (o) 2 1) loges
w=30,40,50,60 slsl sl ly gl alus A Sogendly
S 5 b aw JSo opl 0 s e oles 1=30,40,50,60

oS Canl mily oS oo oaalin 1) 205 sl oo Job sl
g o Ll dil> 9l wais zoe Jsb b ailis slul i b
Jsb i by dbos st 90 o) Jobo (g Slal oS b
s ol Gl Aomyd 5 WS e et i3 se s (5,55 0l

B9 o gl ailws adl> gl wuuid zee Job cand 4

——w=60, h=40
——w=60, h=30

w=50, h=30
——w=50, h=40
——w=50, h=60
——w=40, h=60
——w=30, h=60
——w=30, h=50
——w=30, h=40

w=30, h=30
——w=40, h=30/ |
——w=40, h=40, |

~w=40, h=50/
——w=50, h=50| |/
——w=60, h=60/

08

06

04t

02

0

600 1200

A (nm)

e N s W il 4 iliso slo 5o Jsb (oll 2 5y508 il ¥ IS

sl s cuine ddls gl o ge calizee

800 1000

Sl V8 (Sgedly adl> il (65900 b Jloges T USS
(w=30,40,50,60 , h=30,40,50,60) slu! 5l « I,

s zoo Jsb sl Sy 51 B S onl o ams oo liS

aslaio olows iulidl b conl zdly (0uiS oo cdalice 1) ayouis

D9 oo 5 55 WAlS Zoe Job ¢ Sgemdly adl> sla

1800

2000



(Ol pl Sigied (559U g (owiiteo (il yAiS (prod 3L 9 ()] 1] gl 98 g Syl (il S ol (o
VPY Coter 1Y =9 (ol ey biolo ¢ ylanlo oSG 1S

=

Sl b Sgawdly dal> gl sasauis oo Job cads allas o) jo

0ud (o) 2 i gge Job 2 |y o Lt 9 gl 5 Lo il
<ol ailais sligy a5 Sl 0 e o lid mls el
slgse Job balis g gl sz gls)) (tals L wil,
S Wl o Job St rizren 99,5 o0 fiSeS aid
5 ol emlnde s 51 o b 4ilaio olasl k5 31, pgms
5 Bygein U (Hb 0 sanie GlaoplS Wl e )8

sl 4zl b il

e wo

J. Chen, Y. Li, Z. Chen and et. al, “Tunable Resonances
in the Plasmonic Split-Ring Resonator”, IEEE.
Photonics. Journal., Vol. 6, No. 3, pp. 1943-0655,
2014,

Idil, M. Hedstrom, A. Denizli, B. Mattiasson,
“Whole cell based microcontact imprinted
capacitive biosensor for the detection of
Escherichiacoli”, BiosensorsandBioelectronics, 87
807-815, 2017.

A. Deinega, S. Belousov, I. Valuev, "Hybrid transfer-
matrix FDTD method for layered periodic
structures", Opt. Lett. 34 (6): 860-2, 2009.

A. Maier, "Plasmonics:  Fundamentals
applications”, Springer, Berlin, 2007.

N.

S. and

. \
w=60
—w=50
1500 —w=40
£
=
-
1000
500
30 40 S0 60
h(nm)

NA¥

Slp @l alais cln poge wais zae Job Ol loges 10 JSo

wilisee gla W bl w=40nm, 50nm, 60nm
5h o> sl alais V7 adl> ol wais zee Job aslel jo
SR8 0 ) ¥ USS oged Sy a6l 2ol o Wl
N il b gl (oo onlive a5 jghailen .ol 00 s i #
blueshift x o8 polie coow 4 caais sloge Jobo

1000 |
_::.ﬂ_‘_‘_‘_‘—__'_:.__‘='——__
600 | : : ; ' ;
30 35 40 45 50 55 60
h(nm)

L5l)'.‘ sl alass oQ}JL.'L Fge RS oo Jﬁ.]a &.J‘).a.a.'-‘ )Lbj.oj e JS...:
bz sla h bl , w=40nm, 50nm, 60nm



Ol
S5 9 5 Syl il S
/J// oigee S ool
W Ol Sigisd 5,9l o
s o€l
VY Coge 1) B9

gleals al=dila

30 sl b Sl ydg,S0 s (g lulals

' ““‘)‘u,-?L’ ails [’ “éﬁé' ool lus| ddoly g
olpl ol @l pole (oSS @ luans olKLdld Sy jud ousiils!

Olplole) @l pale oSS O luazs oSLG1S (Sooy| (g }S).o"
(m.rameh@jiasbs.ac.ir)

Loy glap—wadlE)l J oS g s ladl plo an jalivn (paod drCl 0099 dargi 850 d—lionod 00iy W0 ga g0 axlllao —ouuS>
Glpoa—b el b —wlad sl N9, S .Gl ald )5 11,5 50l ) oy, 5 g azgi 0)90 | srads jo calizo slaojluil
3l ool b1y (s lasl o10 @ Jumiliy a5 Cawl 00l yLiS sl Oldlae (Jlo ol bl (6595 S 3l (2 95wy ;S (550w
Al addzmo G ol g (2l b pucndled Lo gy (p] 50010 (s l381 ( Fguo Syl U ay YL ilS 35 colics| 5 guo glgwl
1y ol (I s (S0 Sy it S (5 3MIALS 1y Sl (g ySeso iz 13 5 ¢y il sy (539500 00 Wiz 13 (o
190! W yiol )l 58S oubiid b AS 023 oo (3Lt ookl i s gl L ousS (63114 00limuans] (T gm0 g0l b S Lo 4o
390539 550 (3018 51 B L g ud coliiw! (6585 Iyl j lyd Goe 5 EwB0 J oS (Gl 0,5 i 1) il 39 S (g5l lal CuxBgo

A asine jLid eSS T (5SS, g atie GCarEgo

)35 Srn 10555 wr5ass e 15 955 S sl coolin] Zlgal ¢ T s —03ly S

Linear trapping micro-particles by acoustic waves

Mahdi Rameh!, Ehsan A. 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.

Abstract- The study of living organisms has always been of interest. To this end, trapping and controlling
individual organisms of different sizes has received much attention and applications in recent decades. A well-
known non-contact method for microscopic manipulation is optical tweezers. However, recent studies have shown
that the trapping potential can be expanded by using high-frequency standing sound waves, called acoustic
tweezers. Acoustic tweezers are biocompatible and can trap larger particles compared to optical tweezers while
the heat-damaging effect is much less. In this study, we characterize acoustic traps produced by a homemade
acoustic device. We trap polystyrene particles of several tens of microns and silica particles of several microns.
Also, we trap breast cancer cells in the culture medium. By adjusting the parameters of two waves, the position of
the traps could be shifted or their stiffness can be adjusted. By using optical tweezers, we track microparticles to
find pressure nodal.

Keywords: Acoustic trap, standing waves, optical tweezers, optical microscopy, micro-particles.
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Design and simulation of a helically twisted optical fiber with broad
bandwidth and flat dispersion in terahertz region

Hana Saberi, Vahid Sharif and Hassan Pakarzadeh

Department of Physics, Shiraz University of Technology, Shiraz, Iran. hana.saberii78@gmail.com,
v.sharif93@gmail.com, pakarzadeh@sutech.ac.ir

Abstract- The terahertz range in the electromagnetic spectrum covers the frequencies of 0.1-30 THz or equivalent wavelengths
between 10 micrometers and 3 millimeters. In this paper, for the first time, a simple and practical structure of helically twisted
photonic crystal fibers with Topas material, as a polymer material, is introduced. The background material of core of the fiber
is air, which is the most transparent material for transmitting terahertz waves, and cladding of the fiber is proposed with a
single ring of air holes that is circularly symmetric. The efficient performance of the proposed fiber is investigated in terms of
dispersion and loss mode characteristics. A complete twist of 50cm along the fiber shows triple very low loss transmission bands
in the range of 1.24-0.83, 1.8-1.42 and 2.35-2 terahertz. Also, the flat and near-zero dispersion of triple transmission bands is a
unique characteristic of the proposed fiber, which could be extremely important in many applications, especially short-range
terahertz communications. Proposing the practical and simple structure of optical fiber in the terahertz region is the main aim
of this research.

Keywords: helically twisted optical fiber, terahertz, band width, dispersion.
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Impact of source spectrum on the image resolution of optical
coherence tomography

Hassan Pakarzadeh, Masoume Gharibshahi

Department of Physics, Shiraz University of Technology, Shiraz, Iran.
pakarzadeh@sutech.ac.ir, m.gharibshahi@sutech.ac.ir

Abstract - Optical coherence tomography (OCT) is a non-invasive optical imaging technique capable
of producing two-dimensional images or three-dimensional reconstructions of inhomogeneous samples.
OCT is mainly used in ophthalmology as a powerful tool for early detection of eye diseases. The main
purpose of this article is to investigate the impact of source spectrum on the resolution of optical
coherence tomography images. To achieve this goal, by using the MATLAB code, we determine the axial
resolution for several light sources with Gaussian and super-Gaussian spectra. The results show that by
increasing the super-Gaussian order, the light source becomes wider and hence the OCT resolution
increases.

Keywords: Optical coherence tomography, source spectrum, ophthalmology, super-Gaussian.
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Effect of microwave irradiation time on physical properties of zinc
oxide nanoparticles

H. Manochehril, M. R. Fadavieslam1

1School of physics, Damghan University, Damghan, hadismanochehril 7@gmail.com,
m.r.fadavieslam@du.ac.ir

Abstract- In this research, zinc oxide nanoparticles were synthesized by microwave method and the effect of
irradiation time on their physical properties was studied. The results of XRD analysis show that all the samples
have polycrystal structure of hexagonal zinc oxide phase with a preferred peak along the (101) plane. FESEM
images show that increasing the time of microwave irradiation has an effect on the morphology of nanoparticles.
In the FTIR spectroscopy of the samples, the absorption band related to the Zn-O bond is observed. The optical
gap of the samples is in the range of 2.4 to 2.8 eV. Increasing the microwave irradiation time cause to decreases
the optical gap.

Keywords: Zinc oxide nanoparticles, Microwave, Irradiation time.
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Enhancement of the electro-optical response of doped E7 nematic
liquid crystal with tin oxide nanoparticles

Mahsa khadem Sadigh*!, Amirhossein moayedniat

!Department of Laser and Optical Engineering, University of Bonab, Bonab, Iran

mahsa.sedigh@ubonab.ac.ir, Matinmoayednial999@gmail.com

Abstract- In recent years, liquid crystals have attracted the attention of many researchers due to their
wide application in physical, chemical and biological systems. Depending on the properties of the studied
liquid crystal, the behavior and type of response of this type of material can be strongly influenced by
external factors such as the properties of the material added to the pure liquid crystal, temperature and
external fields applied to them. Therefore, in this research, the effects of a tin oxide nanoparticle with
different weight percentage on the electro-optical response of E7 nematic liquid crystal was studied.
According to the obtained results, the addition of tin oxide nanoparticles with a specific According to the
obtained results, the addition of tin oxide nanoparticles with a specific weight percentage can lead to the
enhancement of the electro-optical response of the studied liquid crystal.

Keywords: Metal Oxide, Electro-Optics, Liquid Crystal, Nanoparticle.
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Investigating the Reflection Spectrum Properties of a Photonic
Crystal Containing the Wyle Semimetals

Akram Ashenaei!, Kazem Jamshidi-Ghaleh?!, and Reza Abdi-Ghaleh?

!Department of Physics, Azarbaijan Shahid Madani University, Tabriz, Iran
2Department of Laser and Optical Engineering, University of Bonab, Bonab, Iran

Abstract- The photonic crystal structure including Weyl's semi-metal defect layer is presented for two symmetric
and asymmetric arrangements. The behaviour of the reflection spectrum have been investigated by applying the
transfer matrix method. For this, by calculating the effective permittivity constant for Weyl's semi-metal layer,
its transfer matrix has been extracted. By optimizing the structural periodicity of the introduced photonic crystal
for both symmetric and asymmetric configurations, the effect of defect layer replacement has been investigated.
It was revealed that for the symmetric structure, a narrow defect mode is created in the photonic bandgap range,
which did not exist in the asymmetric structure.

Keywords: Photonic Crystals, Reflection Spectrum, Wyle Semimetal
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Effect of Electromagnetic radiation on the electronic properties of
POPGraphene nanoribbons

Mobina Ardyani!, Seyed Ahmad Ketabi*!, and Reza Kalami'

1 School of Physics, Damghan University, Damghan, Iran

Abstract- In this work, we theoretically investigate the influence of electromagnetic radiation in the range of visible
light on the electronic properties of POPGraphene nanoribbons. Specifically, we study the effects of varying the
incident angle (0-90 degrees) of visible light radiation with a frequency of about 430 terahertz with linear
polarization s on the density of states and current-voltage characteristic of the nanoribbons. Our results
demonstrate that the electronic properties are highly dependent on irradiation conditions. This effect leads to
variations in the band gap and the current-voltage characteristic at different radiation angles. Overall, the
application of radiation results in a reduction of the current passing through the junction, with the maximum
reduction occurring at a 90-degree angle.

Keywords: POPGraphene, Nanoribbon, Electromagnetic Wave, Current-Voltage Characteristic
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Investigation of electron dynamics in IFEL mechanism with helical
structure in presence of plasma wave and induced magnetic field

Ameneh Kargarian!”, Samira Tajiknezhad?
'Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute, Tehran, Iran.
2Physics Group, Science and Engineering Technology Department, Gonbad Kavous University, Gonbad Kavous,
Iran.

Abstract- In this paper, electron dynamics in inverse free electron laser mechanism with helical wiggler has been
evaluated in the presence of plasma wave and induced magnetic field caused by the current of the energetic
electrons. In this mechanism, a plasma wave is created by the interaction of the laser with the plasma, and the
electrons get energy from the generated wave while oscillating in the helical structure. In addition to the influence
of the amplitude and wavelength corresponding to the helical field on the dynamics of the electron in this system,
the current resulting from the high-energy electrons produces an induced magnetic field which has also important
effects on the electron acceleration increment and its fluctuations.

Keywords: Helical wiggler, induced magnetic field, inverse free electron laser, plasma wave.
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Simulation of a Direct Current Electron Gun Along with Measuring

its output beam emittance

Afarin Malekpour!, Majid Khorsandi', Arash Sadeghipanah?®, Sasan Ahmadiyannamin??,

Zahra Poyanrad?®
! Radiation Applications department, Shahid Beheshti University, Tehran, Iran
2 Iranian Light Source Facility(ILSF), Qazvin, Iran
3 Institute for Research in Fundamental Sciences(IPM), Tehran, Iran
Email: afarin_malekpour@yahoo.com

Abstract- In this research, simulation of a direct current type electron gun has been studied, which is very cost-
effective due to its structure, and it can be used in a wide range of currents from up to several hundred mili-amps.
The electrons in the conducted simulations are accelerated up to 30 kV energy, which can be increased. In Next,
the emittance of the electron gun output beam is measured by three methods: pepper-pot, solenoid scan and
quadrupole scan, and the results are compared with the original calculated value and the measurement accuracy,
advantages and disadvantages of each measurement method has been analyzed.

Keywords: Electron gun, Emittance, Pepper-pot, Solenoid scan, Quadrupole scan
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Theoretical study of the effect of graphene properties on the output of
a mode-locked erbium doped fiber laser

Z.Fahim Alavi estarabadi, M.Mirzaei Moghadam, and F.Shahshahani

Department of Physics and Chemistry, Alzahra University, Tehran!

Abstract-1In this article, the effect of the number of graphene layers as a saturable absorber on the characteristics
of the output pulse in an erbium ion-doped mode-locked fiber laser has been investigated, theoretically. The
simulation results show that with increasing the number of graphene layers, the time width of the pulse decreases
and for 60 layers, the time width of the pulse will reach to 460 fs. According to the numerical calculations, by
increasing the gain saturation energy, the maximum output pulse power increases and its value reaches to 15 watts.
The simulation is based on the numerical solution of the nonlinear Schrodinger equation and the Fourier split step
method

Keywords: saturable absorber, mode-locking, graphene, ultrafast fiber laser
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4 Topological insulators

%0 Transition metal dichalcogenides
51 Black phosphorous

52 MXenes
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Enhancing Thin Film Gallium Arsenide Solar Cell Performance
through Triangular Grating Nanostructure

Safa Saminezhad, Saeed Golmohammadi-Heris, and Hadi Soofi

Faculty of Electrical and Computer Engineering, University of Tabriz, Tabriz, Iran
s.saminejad1400@ms.tabrizu.ac.ir, *sgolmohammadi@tabrizu.ac.ir, h.soofi@tabrizu.ac.ir

Abstract-In this article, the effect of utilizing triangular grating nanostructure on light trapping in a thin film
gallium arsenide solar cell has been investigated. In this work, a thin film solar cell consisting of indium tin oxide,
gallium arsenide and silver layers with a 200nm thick absorber layer is considered as the reference cell. Triangular
grating nanostructure has been used on the surface of different layers of solar cell. For each of these configurations,
dimensions of each grating have been optimized, separately, and the absorption of light in the absorber layer and
also the electrical parameters of the solar cell have been calculated. Finally, The solar cell with grating
nanostructures on the surface of the back reflector and the front surface of the absorber layer, with an increase in
solar cell efficiency from 17.62% to 22.28 % in comparison to the reference cell, is achieved as the best structure.

Keywords: Thin film solar cells, Triangular grating nanostructures, Gallium arsenide solar cells, Efficiency, Light
trapping.
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Design and simulation of optical modulator based on GST phase
change material on InP platform
Alireza Malekmohammad, Mahmoud Nikoufard, Mohammadhasan Ebrahimi

Department of Electronics, Faculty of Electrical and Computer Engineering, University of
Kashan, Kashan

mnik@kashanu.ac.ir

Abstract- In this research, for the first time, an optical modulator has been designed and simulated using GST
phase change material on the InP substrate at a wavelength of 1.55 pm. First, the proposed structure was analyzed
by Comsol and Lumerical software to calculate the modes and light propagation, and then the optimal thickness
for each layer was obtained for optimal performance. Due to the fact that the GST phase change material used in
this structure has stable amorphous and crystalline phases, and the amorphous and crystalline phases have the
lowest and highest light absorption coefficients, respectively. Therefore, if the proper length of the modulator is
chosen, when the GST phase change material is placed in the amorphous and crystalline phases, the light will be
propagated with the least and the most loss, respectively. In the following, the curves related to the real and
imaginary parts of the effective refractive index of the proposed structure have been calculated for TM modes in
each of the amorphous and crystalline phases of the GST phase change material.

Keywords: Germanium Antimony Telluride (GST), Indium Phosphide, Optical switches, 1.55 um wavelength.
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Optical detection of cadmium ions in liquids using Ag@ TEOS-IM
nanoparticles

Yasaman changaei!, parisa amirbeyk!, salman mohajer mazandarani!, Mahmood gharbavi?,
gholamreza ahmadian3
Yasaman.changaei@khu.ac.ir ,parisaamirbeik@gmail.com ,Mohajer@khu.ac.ir

Abstract- In this paper, a new method for the detection of cadmium ions with Ag@TEOS-IM
nanoparticles in liquids has been presented. The optical properties of these nanoparticles with
and without cadmium were investigated, and it was reported that with the presence of
cadmium, the linear absorption coefficient and nonlinear refractive index increased.

Keywords: z-scan, nonlinear optics, cadmium, absorbent nanoparticles .
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Numerical analysis of the effect of a spectral filter on the reduction of
output pulse time width in all-normal dispersion mode-locked fiber
laser

M. Mirzaei Moghadam', F. Shahshahani! and M.H. Yavari?

Department of Physics and Chemistry, Alzahra University, Tehran!

Faculty of engineering, Shahed University, Tehran, Iran?

Abstract- In this paper, the effect of a Gaussian spectral filter on the time width of the pulse generated in the mode-locked
fiber laser in the all-normal dispersion regime is numerically investigated. The evolution of the pulse duration along the
different cavity segments shows that in addition to the saturable absorber, the spectral filter contributes to the reduction of the
pulse time width. The effect of the spectral filter width on pulse characteristics is also investigated. The results show that
reducing the width of the spectral filter leads to the generation of pulses with smaller time width and larger peak power. For
instance, by placing a spectral filter with a width of 20 nm, pulses with duration of 10ps and peak power of 1.4 kW will be
formed. however, if a spectral filter with a width of 10 nm is chosen, the time width of the pulse is reduced to 4ps and its peak
power is increased up to 2.8 kW.

Keywords: optical fiber, split step Fourier, saturable absorber, spectral filter, mode-locking
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Design and simulation of Ti:PPLN for second harmonic generation.

Abes Saleh Abadi, Mohsen Hatami
Shiraz University of Technology, Faculty of Physics, Shiraz, Iran

a.salehabadi@sutch.ac.ir hatami@sutech.ac.ir

The purpose of this article is to obtain the changes in the refractive index of the lithium niobate crystal due to the
penetration of titanium metal inside the crystal. Considering the changes in the refractive index that the titanium
metal creates inside the lithium niobate crystal, we can make a D-type waveguide inside the lithium niobate crystal
was created. Considering that the lithium niobate crystal is a birefringent crystal, which causes it to occur in two
normal and abnormal states due to the penetration of titanium inside the crystal, which we only calculate the
changes in extraordinary. Another goal is to investigate the nonlinear phenomenon of the second harmonic
production in the condition of quasi phase matching, which converts the pump wavelength of 1550 nm entering
the waveguide into light with a wavelength of 775 nm. This process of the second harmonic generation, is created
under conditions that lead us to design a periodic structure for a polarized waveguide. The penetration of titanium
metal inside the lithium niobate crystal, which is abbreviated as Ti:PPLN.

Keywords: Nonlinear optics. Lithium niobate. Optical waveguides. Quasi phase matching. Second harmonic generation.
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Temperature distribution of skin tissue caused by diode laser
radiation by Green's function method

Fatemeh Ghaznavi, Mohsen Hatami, Gholamreza Honarasa
f.ghaznavi021@gmail.com, hatami@sutech.ac.ir, honarasa@sutech.ac.ir

Abstract- Thermal ablation is an effective method for medical treatments. To ensure the therapeutic
effect and the safety of patients, the thermal distribution of the tissue exposed to the heat source should
be carefully monitored. Dual Phase-Lag (DPL) bio-heat transfer model is used to describe the interaction
between diode laser heat source and skin. In this study, we used a diode laser as a heat source to solve
the equations and investigate the thermal distribution on the skin. The Green's function approach of the
dual phase delay biological heat transfer model is used to solve the governing equations analytically. We
examined the thermal distribution on the skin exposed to the laser beam and the temperature changes
over time, for different pulse widths and at the surface and depth of the skin. The temperatures obtained
from the simulation match the temperature required by the laser to destroy the hair shaft and weaken
the hair follicle.

Keywords: Laser, Diode Laser, Thermal erosion, biological heat equation, Green's function
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Simulation of fiber crystal optical polarization controller with
magnetic fluid

Pooryia Bakhtiary

poy.bakhtiary@gmail.com

Abstract- Polarization of light is one of the important degrees of freedom of light, which has many applications in
quantum communication. During the transmission path of photons, the polarization may be influenced by
environmental factors and change, for example, changes in voltage and temperature disturb the polarization. For
this reason, one of the most important tools of quantum protocols is the polarization controller. One of the most
important polarization control methods is the Faraday effect method. In this article, a simulation of the Faraday
effect of magnetic fluid in the crystal fiber environment is presented, which is based on experimental results and
experiments. Ultimately the result of simulating the degree of rotation of the polarization or electric field by 90
degrees in the length of S cm of crystal fiber with magnetic liquid.

Keywords: Faraday effect, polarization, crystal fiber, magnetic liquid, electric field
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Diffraction from radial gratings having fractional spoke numbers
Zahra Madankan, Pouria Amiri, and Saifollah Rasouli

Department of Physics, Institute for Advanced Studies in Basic Sciences, Zanjan, Iran,
rasouli@iasbs.ac.ir

Abstract-Diffraction from optical gratings is one of the most important topics in optics, which is attracting major
attention. One of these gratings is radial gratings with different transmission and reflection profiles, such as radial
phase grating with sinusoidal and binary transmission functions and radial gratings with parabolic, triangular,
and modified triangular transmission functions, which are obtained by manipulating the Fourier series of radial
structures. If the number of spokes is fractional in a whole cricle, we call this structure a radial grating with a
fractional number of spokes. This work explores the diffraction properties of radial structures with fractional
number of spokes.

Keywords: diffraction, fractional spoke numbers, radial gratings.
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Investigate of the altitude in low earth orbit satellite quantum
communication in turbulent atmosphere

Samira Kazemifard, Alireza Keshavarz, Gholamreza Honarasa
Department of Physics, Shiraz University of Technology, Shiraz, Iran

samirakazemifard22@gmail.com, keshavarz@sutech.ac.ir, honarasa@sutech.ac.ir

Abstract- In quantum technology, the distribution of quantum keys is an effective trick for secure
keys in quantum satellite communication in quantum channels. Due to the complexity of the
atmospheric layers, losses and other factors such as weather changes, vortices, and cloudy weather,
the rate of gquantum information transfer in free space has a destructive effect on diffusion.
Atmospheric turbulence can lead to beam spread and deflection. When transmitting quantum
information, effects such as diffraction, optical loss, channel fading and background noise result. The
results show that by considering the height and geometry of the earth to transmit information from
the transmitter to the receiver based on the climatic conditions day and night, we will have a high
data transmission rate in a turbulent atmosphere.

Keywords: Maximum five keywords related to the paper subjects, sorted in alphabetical order
separated by comma are required.
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Optical region perfect absorber based on titanium nitride and indium tin oxide
metamaterial

Mahyar Radak'*, Saeed Mirzanej had’
Department of Atomic and Molecular Physics, Mazandaran University, Babolsar !-2

m.radak03@umail.umz.ac.ir

2saeed@umz.ac.ir

Abstract- In this article, we present a new design and characterization of a metamaterial absorber operating in the optical
range. The absorber structure in the first simulation consists of layers of titanium nitride (TiN) and a dielectric layer of
silicon dioxide (SiO2), with an additional configuration consisting of a second layer (TiN) and two elliptical gold rings.
The proposed scheme shows significant absorption capabilities in a wide wavelength range from 250 nm to 1000 nm. In
the second simulation we replaced indium tin oxide (ITO) with (TiN), the absorber shows a significant absorption peak
in the region between 350 nm and 530 nm for TE polarization and 640 nm to 1000 nm for TE polarization. In addition,
the TE and TM angle with the z axis, which is perpendicular to the metamaterial, is 45° and the azimuthal angle or the
TE and TM angle with the metamaterial plane is 0°. The capability of the proposed structure has the potential for various
applications in fields such as photovoltaics, solar cells, sensors, and optical coatings.

Keywords- metamaterial absorber, optical region, titanium nitride, indium tin oxide
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1. Introduction

We incorporated gold into our metamaterial
absorber structure due to its distinct plasmonic
properties, particularly in the visible and near-
infrared regions of the electromagnetic spectrum.
Gold exhibits excellent electrical conductivity,
making it well-suited for applications that demand
low electrical resistance and efficient electron flow.
A family of synthetically created materials known
as metamaterials displays peculiar features not
present in natural materials. These materials'
potential uses in a variety of domains, such as
optics, acoustics, electromagnetics, and mechanics,
have drawn a lot of attention in recent years [1-4].
Metamaterials can exhibit a negative refractive
index (NRI) [5-8], near zero index (NZI) [9-10],
which allows for unique optical properties such as
perfect absorber [11-14] and cloaking and
invisibility [15-17]. In recent years, (MMs) have
emerged as promising platforms for achieving
enhanced absorption in the visible region of the
electromagnetic spectrum [18-21]. In this paper, we
investigate the absorption properties of a designed
metamaterial absorber in the visible region using
subwavelength structures and engineered material
combinations.

2. Theoretical analysis and simulation

We incorporate SiO2 into our absorber structure due
to its excellent dielectric properties, including a high
refractive index, broadband absorption capabilities,
good thermal stability, and affordability. These
properties make SiO2 an ideal choice for our
metamaterial absorbers, ensuring durability even in
high-temperature environments while remaining
cost-effective. We also incorporated gold into our
metamaterial absorber structure due to its distinct
plasmonic properties, particularly in the visible and
near-infrared regions of the electromagnetic
spectrum. Gold exhibits excellent electrical
conductivity, making it well-suited for applications
that demand low electrical resistance and efficient
electron flow. The gold is set as an ellipsoidal piece
and the underlying metal layer with the Drug model:
wp

ew)y=1- (1)

w(w+iwe)

Here, plasma frequency w,=1.2x10'® Frequency of
rad/second and collision w~=10.5x10" rad/s.

-0/2 0 200

The relative permeability of the relationship of the
magnetic field generator is shown by the following
relationship:

B = pourH (2)
electric displacement field model for SiO2:
€, =€ —ie” 3)

The metamaterial absorber is composed of a (TiN)
layer with a thickness of t; = 100 nm, followed by a
30 nm layer of SiO2 as the dielectric layer. On top
of the SiO2 layer, an additional layer of (TiN) with
a thickness of t; = 50 nm is added. Finally, two
elliptical gold rings are incorporated into the
structure, with the smaller ring having an inner
radius of 70 nm and an outer radius of 90 nm, while
the larger ring possesses an inner radius of 120 nm
and an outer radius of 140 nm. Both gold rings have
a uniform thickness of 30 nm n

Fig 1. The structure of the proposed metamaterial
absorber has a square unit with a side size (P) of 300
nm. This design consists of two oval gold rings with r; =
140 nm, r, =70 nm, r3 =40 nm, and r4 =80 nm.

Figure 1 shows the designed ultra-broadband
absorber unit cell. This unit cell design serves as a
building block for the complete absorber structure,
which can be replicated to create an array to
improve performance.
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Fig 2. TE absorption and reflection diagram in the
wavelength range between 250 nm and 1000 nm in the
TiN.

Figure 2 presents the TE absorption and reflection
diagram of TiN (Titanium Nitride) within the
wavelength range of 250 nm to 1000 nm. Notably,
two prominent absorption peaks are observed, with
absorption levels reaching 98% at a wavelength of
420 nm and 95% at a wavelength of 885 nm. These
findings highlight the exceptional absorption
efficiency of TiN within specific wavelength

ranges, making it a promising material for
applications that require high  absorption
capabilities.
Absorption
Reflection

[l

200

Wavelength(nm)

Fig 3. TM absorption and reflection diagram in the
wavelength range between 250 nm and 1000 nm in the
used structure TiN.

In Figure 3, we present the absorption and reflection
diagram of TM Titanium Nitride within the
wavelength range of 250 nm to 1000 nm. The first
absorption peak occurs at a wavelength of 265 nm,
with an absorption level of approximately 83%. The
second absorption peak is observed at a wavelength
of 445 nm, exhibiting a higher absorption of
approximately 95%. Now we replace (ITO) with
material (TiN) and measure the absorption
wavelength and in Figure 5-6 we show that
replacing indium tin oxide (ITO) with (TiN) shows
an increased absorption peak in the region between
300 nm and 500 nm for TE polarization and 640 nm
to 1000 nm for TE polarization.

N
W \1,} k‘m
400 600 800 0 1200

= Absorption
Reflection
200 400 600 800 1000 1200 T

Wavelength(nm)

Fig 4. TE absorption and reflection diagram in the
wavelength range between 250 nm and 1000 nm in the
used structure I1TO.

As can be seen, Figure 4 shows the absorbance and
reflection rate of the metamaterial absorber for wave TE,
which shows an absorbance of over 94% at a wavelength
of 445 nm and an absorption of over 94% at a wavelength

of 920 nm.
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Fig 5. TM absorption and reflection diagram in the
wavelength range between 250 nm and 1000 nm in the
used structure I1TO.

Figure 5 shows the absorbance and reflection rate of
the metamaterial absorber for wave TM, which
shows an absorbance of over 93% at a wavelength
of 255 nm and an absorption of over 85% at a
wavelength of 450 nm. Our simulations and
analysis  demonstrate  that the  proposed
metamaterial  absorber achieves remarkable
absorption efficiency across the visible wavelength
range. The change in the absorption peak by
replacing indium tin oxide (ITO) with titanium
nitride (TiN) in the metamaterial absorber structure
can be attributed to the different optical properties
and refractive indices of these materials. ITO is a
transparent conductive oxide with a relatively high
refractive index, typically around 1.8-2.0 in the
visible range. By replacing ITO with TiN, the
refractive index of the metamaterial changes,
resulting in altered light-matter interactions and
absorption properties. On the other hand, TiN is a
metallic compound with a high electrical
conductivity and a lower refractive index compared
to ITO.

3. Conclusions
Through simulations and analysis, we have
investigated a specific metamaterial absorber design
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comprising alternating layers of titanium nitride
(TiN) and a dielectric layer (SiO2), along with the
incorporation of gold rings. The absorber exhibited
impressive absorption properties within the visible
wavelength range of 250 nm to 1000nm. Also, by
substituting (ITO), we were able to have a good
absorption peak at the wavelength between 300 nm
and 500 nm for TE polarization and 640 nm to 1000
nm for TE polarization. Leveraging the control and
manipulation of light-matter interactions enabled by
metamaterials, these absorbers offer opportunities
for the development of advanced optical devices
and systems. Continued research in this area will
undoubtedly contribute to the advancement of
optical technologies and pave the way for
innovative devices with improved performance and
functionality.
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Temperature calculation and Reynolds number in 3um Er:YAG laser

Amir Hossein Farhadian 1, Mahdi Dehghan Baghi 2, Ali Kebriti 3

1 Photonics and Quantum Technologies Research School, Nuclear Science and Technology
Research Institute, Tehran, Iran
2 Physics Department, Isfahan University, Isfahan, Iran
3 Physics Department, Kashan University, Kashan, Iran

Abstract-In 3 pm Er:YAG laser, a high power pump source is needed due to the high threshold. Due to the high
cost of using diode lasers, flash lamps are inevitably used for pumping, which creates many thermal challenges.
Reynolds number for each of the water coolers and the combination of water and ethylene glycol were 31830 and
11246, respectively, and considering the turbulent flow, the heat transfer coefficient will be 8257 and 4661 W/m2K,
respectively. By choosing water as a coolant, the temperature changes of the laser rod as well as the temperature
of the center of the rod were calculated for the input energy of 120 joules and the repetition rate of 10 Hz. After
about 2 seconds and 20 pulses, the laser rod reaches thermal equilibrium. The maximum temperature of the center
is about 10 degrees Celsius compared to its initial temperature for the first pulse.

Keywords: Er:YAG laser, Thermal Analysis, Cooling, Reynolds number
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