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2 Spin— Orbit coupling
3 Bruno model




oke pmimadan 5 LTS5 5L 5 5 e i ga 3T Joe € Gublines 3 LMNSX (X= Cl, Br, I) sum 55 sloa VS5 /4

Crlz sum 53 4V 55 pabline 63, Sluanl Lito andllas 4 YAV Jlo 3 3,800 5 55Y
Sl i b 48 mbline (63, Kleasl @551 8 L3Sy LOT sy
55 o Lsls Dl s A o s W o 4 s 0355 (51 33 53 e =
UL el 53 e — ol Suads I I S 4 (oblita 63 Sluanls
I¥] 252 0

[8]4sb o o slS O (sles L Crl3 e ast i YAV 1ol o7 (s 53 cuubslinn b s
[V-]MnSez 5[4 -V] VSe2 4¥ ¢S 5348 Wlos S 3,15 558 sladle g o0 Slallas
Ans oo 0L U glos 53 ubliany 3 ol (TMD) ¥ 05,808 55 dlawls 6 o3l 5l |
LaVeS ol il o MX2 slews Jgejp glyls (05506 55 dauly Ol laa VeSS
JUsS 55 Sptin 5B e ol 5B 33 55 aslr aed oype & Ll r ol 5 Sy ol
DY s W] we S8 Dad o, b (AT) Jyaatst 36 5 D3n glabais o5 8 0, L (1H)
Lt 514 53 o &8 alanly b clagsl | WY e ilods S5 odl amio 4w 3l s MX2
i 055 on bl trlaen 03 SIS (517 aho g 4 dlamly 515 051 8 ol 0l 0Ly 05,8
s oY ol Gl Sy 93 2 aSK atl s o LS 1 [MX6] 4 J1yia STl a5 o
Oplize HalS” amis 5 g0 (Slimly 53 5 et O laRel 513 Oy goo 4 dmis 53 g VST )
DVF 5] s o 0L (S jpleme peblite 5 (655 5 55,2 Sl S 55 4 5o LB e
GBIl O (o glvodily 4 e Ll 5 n domios 1 5l 5okl O, REGPER S
U5 1o TMD (slaa VeSS s amins 51 5l 00 [10-IV] 358 eblian 5 (S Sy 5
Y S sl g5 ol 48 0S8 Ooglize (1L 2l amden 03I (31 (6,100 L
153 (bt 5 S gl U8 S8 4 TMD o 5t5 slaa VeSS oy 8 755 ol
S ddy Gl Esman ooy &S XY Jle 5 [YFIA] Wlows asil b g0 L 05,06
Slad| 03,87 02 b als 4 a1 25l 0, o ot iyl S MOSSe o gl5 slaw ¥
3l obizal b lotis MOSSE o 515 sl Ao o S slagil b Jal &y 50 4 YL &Y S
2550 S35 4 wtsly Sl axdl 09 iS5 B i ik 5 T Sy G5 SN Sy S

'JL Lado

2 Transition- Metal dichalcogenide

? Janus monolayers

* Scanning transmission electron microscopy

3 Energy-dependent X-ray photoelectron spectroscopy
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2 Density functional theory

3 Quantum Monte Carlo

4 Quantum ESPRESSO

5 Generalized gradient approximation
¢ Perdew-Burke Ernzerhof
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2 Monkhorst-Pack
3 Density functional perturbation theory
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! Distributed feedback diode lasers (DFB-DLs)
% Quantum-cascade lasers (QCLs)
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"' CEAS :Cavity Enhanced Absorption Spectroscopy
2 Off-Axis CEAS

3 Optical Feedback CEAS

* Injection seeding

3 Self-locking
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" HITRAN: High Resolution Transmission
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! Free spectral range
2 FWHM: Full Width at Half Maximum
3 Resolution
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"' HITRAN: high-resolution transmission molecular absorption
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Visible Ref. Score Compound Displacement Scale  Chemical
Code Name [°2Th.] Factor Formula
96-901- .
* -
2062 32 Silver 0.153 0.499 Ag4.00
96-210- 016.00
*
1008 14 2101007 0.175 0.626 C104.00
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Visible Ref. Score Compound Displacement Scale Chemical
Code Name [°2Th.] Factor Formula
96-900- .

*
8460 14 Silver 0.000 0.264  Ag4.00
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*
2235 11 Graphite 0.000 0.727  C16.00

AZESYF Dde 4 il b A S 4 sl (5 sk bl Slatin O T 9o

Visible Ref. Score Compound Displacement Scale Chemical

Code Name [°2Th.] Factor Formula
96-901- .

*
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Shocks and Energy Transfer in Solar

Atmospheric Jets !
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Abstract

The aim is to study nonlinear wave dynamics in solar spicules and jets.
The life of jets in the context of Alfven wave dynamics is focused. Here,
further insight into the solar atmospheric effects together with initial
conditions on the dynamics of Alfven waves along with the characteristic
parameters of the spicule or jet itself are provided. Results are based on the
theory of magnetohydrodynamics. the location of shock formation by the
interplay of the internal and external plasma-beta conditions together with
the initial steady flow speeds which are rooted in the initiation location of
the solar jet are illustrated. It was known that the plasma-beta of a solar jet
affects the shock formation time of torsional Alfven waves. However, its
efficiency is shown to be dependent on the external plasma beta conditions.
The shock formation time for plasma-beta conditions over unity is directly
proportional to the plasma-beta, similar to plasma-beta conditions equal to
or below unity. In the case where the plasma-beta inside the magnetic
structure is small, the shock formation time is accelerated by increasing
the external plasma-beta. In photospheric conditions, as for coronal
conditions, the time of shock formation is inversely proportional to the
external plasma-beta. When the internal plasma-beta is fixed, for various
steady flow speeds, the external plasma-beta accelerates the formation of
shocks. These results help us to better understand the role of Alfven waves
in solar jets in the transfer of energy to the solar system.

Keywords: Solar Corona, Magneto Hydrodynamics, Solar Jets, Torsional
Waves, and Alfvén Waves.

'https://doi.org/10.22051/ijap. 2024.45711.1370

2 M. Sc. Graduated, Department of Physics, Tafresh University, Tafresh, Iran. Email:
zohre.hashemipor@gmail.com

3 Associate Professor, Department of Physics, Tafresh University, Tafresh, Iran. (Corresponding Author)
Email: s.vasheghanifarahani@tafreshu.ac.ir

4 Associate Professor, Department of Physics, Tafresh University, Tafresh, Iran. Email:
ghalee@tafreshu.ac.ir

*

ALZRHRA
UNIVERSITY



XVI/ Iranian Journal of Applied Physics, Vol. 14, Issue 2, Serial No. 37, Summer 2024

Research Paper

Influence of Thermal Fluctuation on Attractive
and Repulsive Casimir Forces in Microsystem
with Topological Insulator Material !
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Abstract

Here, we explore the sensitivity of the Casimir force between two
topological insulator plates on thermal fluctuation using weak and
strong magnetizations on the surface of plates via Lifshitz
theory. Thermal fluctuations between two plates made of topological
insulators in vacuum lead to attractive interactions. By considering a
weak magnetization, the influence of thermal fluctuations becomes
stronger compared to the magnetoelectric effect in the regime of large
separations which leads to generating the strong attractive Casimir
force. Moreover, by considering strong magnetizations it is observed
that thermal effects cannot make a change in the attractive and repulsive
Casimir forces, and magnetoelectric effect determines both the
magnitude and direction of Casimir forces. In the range of small
magnetization, thermal effects have a significant effect on the repulsive
Casimir force. It has been shown that at high temperatures, repulsive
interaction due to antiparallel magnetization becomes weak, so that they
disappear by increasing the separation.

Keywords: Casimir Force, Topological Insulator, Thermal Effects.
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Abstract

In this research, graphene oxide was prepared by Hamers' improved
method, then, with the electric arc method, silver nanoparticles enter the
graphene oxide environment diluted with deionized water, and a colloid of
core-shell,silver-silver oxide is prepared. After the samples were prepared,
graphene oxide plates containing silver nanoparticles were fixed on them,
and samples with the same concentration and volume were placed under
ultraviolet radiation for 0, 30, 60, 120, and 240 minutes, respectively.
Then, various spectra are prepared from the samples and their linear and
non-linear behavior is studied in two experiments, Z-scan and phase spatial
modulation. The results of ultraviolet-visible spectroscopy, infrared
Fourier transform, and X-ray diffraction show that the resulting solution
contains graphene oxide nanoplates and silver oxide nanoparticles.
Investigating the nonlinear optical properties of the samples also shows
that the nonlinear refractive index of the samples is of the order of

(-0.52+0.09x10™ *(cnf /W), which by ultraviolet radiation to the samples,

their nonlinear refractive index changes slightly, and on the other hand, the
diffraction pattern with two peaks is observed in the formed structure.

Keywords: UV [llumination, Electric Arc, GO , Nonlinear Refractive
Index, Diffraction Pattern.
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Abstract

In this article, we suggested a three-photon quantum scissor that
truncates all multiphoton number states with four or more photons and
amplifies the remaining photon number states in a probabilistic way. To
this end, by assuming the ideality of all beam splitters and detectors of
the proposed scheme, the output state of this quantum scissor and its
success probability have been derived analytically. In contrast to the
one-photon or two-photon quantum scissor, this setup works perfectly
for superpositions of up to three photons. For the input coherent state,
our results show that the fidelity between ideal amplification and the
amplification obtained by this suggested three-photon quantum scissor
is as good as that obtained with a network of six one-photon or two two-
photon amplifiers. Moreover, the success probability of this generalized
quantum scissor is larger than the success probability of six one-photon
amplifiers and is comparable to the success probability of two two-
photon amplifiers. Therefore, based on the fact that the resources
required by the three-photon amplifier are smaller than those required
for a network of one-photon or two-photon amplifiers, this proposed
device is much more efficient than several one-photon or two two-
photon amplifiers.

Keywords: Noiseless Linear Amplifier, Three-Photon Quantum
Scissor, and High Fidelity.

! https://doi.org/10.22051/ijap. 2024.45084.1353

PhD Student, Department of Physics, Sharif University of Technology, Tehran, Iran. Email:
khatereh.jafari@physics.sharif.edu

3 Assistant Professor, Department of Physics, Shahid Bahonar University of Kerman, Kerman, Iran
(Corresponding Author). Email: golshani@uk.ac.ir

*Professor, Department of Physics, Sharif University of Technology, Tehran, Iran. Email:
bahrampour@sharif.edu

https://jap.alzahra.ac.ir

*

ALZAHRA
UNIVERSITY



Abstracts of Papers in English/XIII

Research Paper

Design and Fabrication of V-Shaped Resonator
for Using in Laser Spectroscopy Based on Optical
Feedback Cavity Enhanced Absorption

Spectroscopy !
Vahideh Faghihi*2, Mohammad Reza Rashidian Vaziri 3* and
Hossein Razzaghi®
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Abstract

In this study, we present the design and fabrication of a V-shaped resonator
that served as an absorption chamber in a laser spectroscopy system for water
stable isotope measurement (*H, 7O, '*0) based on optical feedback cavity-
enhanced absorption spectroscopy. In the design of a resonator, its length and
the radius of curvature of the mirrors guarantee the optical stability of the
system. The resonator mirrors are designed considering the condition of
stability and based on the desired mode structure of the resonator output. The
V-shaped resonator is designed with two arms of 40 cm and inner diameters
of 5 mm making an angle of 1.7°. This resonator has an internal volume of 20
cm?® which provides fast response of laser spectrometer. The high reflectivity
of mirrors leads to an effective absorption optical path length of 13 km and a
high finesse optical resonator of  F~52¢000. These values allow low
concentration water vapor isotope analyses and resolution of the absorption
spectrum of isotopes for accurate isotope measurements, respectively.
Resonator mirrors are designed using Mcleod software to have maximum
reflectance at a wavelength of 1.4 micrometers. By making a V-shaped optical
resonator for measuring stable isotopes of water and subsequent development
for measuring stable isotopes of other elements, the possibility of developing
the application of stable isotopes in different areas of research will be
provided.

Keywords: V-Shaped Resonator, Laser Spectroscopy, Stable Isotopes, OF-
CEAS Technology.
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Investigating the Electric Power Performance of
the Shock Wave Device and Explosion of
Aluminum Wire in a Water Environment !
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Asadian®, Hamid Karimi’, Mohammad Reza Rahimi® and
Nader Mazinani’
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Abstract

The shock wave or plasma pulse method was presented for the first time in oil
wells to solve the problem of worldwide pressure drop and well production.
In this study, the technology of underwater electric wire explosion (UWEWE)
has been investigated to generate shock waves by using a sudden discharge of
very hot plasma energy at a point and then creating a shock wave. The
constructed plasma emitting device consists of two electrodes, a set of high
voltage capacitors with a voltage of 5 kV and a capacity of 80 microfarads, an
electronic block, a Rogovsky coil installed in the electric discharge circuit,
and a relay block. For aluminum wire with a diameter of 400 and 500 pm and
a length of 30 mm, with a pulsed current at a discharged voltage of 3.8 kV,
the total energy deposition is 400 and 500 J, with the energy conversion
efficiency of 68 and 66.3%, respectively, and a maximum power of 168 MW.

Keywords: Shock Wave, Plasma Pulse, Electric Wire Explosion, and Plasma
Energy.
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Atomic Gradiometer for Recording the
Simulated Human Brain Signal in Unshielded

Environment !
Mohammad Mehdi Tehranchi*2, Reza Sedeyan?,
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Abstract

The fields resulting from the brain's neural activities provide essential information
in diagnosing and treating brain diseases such as epilepsy, convulsions, and brain
tumors. Recording brain magnetic field signals is one of the non-invasive brain
functional imaging methods, which usually requires magnetic shielding besides
expensive and bulky instruments. Although atomic magnetometers are inherently
less sensitive than superconducting quantum interference devices, they are
considered the best candidate for measuring bio-magnetic fields due to their low
manufacturing cost, small size, and no need for cryogenic equipment. Atomic
magnetometers measure the low-strength brain magnetic fields based on detecting
Zeeman energy splitting and recording changes in the laser light intensity passing
through an alkali vapor cell. To improve the sensitivity of these magnetometers,
it is common to remove homogeneous noises in two magnetometer channels. For
this purpose, we have presented a gradiometer to suppress unwanted magnetic
noises. This gradiometer consists of two atomic magnetometers capable of
detecting the field produced by the human brain in an unshielded environment in
the presence of the Earth's magnetic field. The gradiometer has a sensitivity of
900 fTAHz. The designed and built gradiometer is suitable for detecting brain
magnetic fields, which can be expanded as a multichannel to record the map of
the brain's magnetic field.

Keywords: Zeeman Splitting Detection, Gradiometer, Atomic Magnetometer,
Biological Magnetic Fields, and Noise Cancellation.
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Effect of Femtosecond Laser Polarization on The
High- Harmonic Generation from Formaldehyde
Molecule !
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Abstract

In this work, we study the interaction of femtosecond laser with formaldehyde
molecule and investigate the effect of intensity and angle of laser polarization
on the high harmonic generation. The calculation is done with time-dependent
density functional theory in three-dimensional real space. The effect of the
ellipticity parameter and the role of different orbitals of this molecule on the
high harmonic spectrum is investigated, so that the contribution of different
orbitals of the formaldehyde molecule in this process can be controlled. The
maximum intensity and the maximum width of the high harmonic spectrum
are obtained for the ellipticity parameter of 0.15. Also, if the large diameter of
the ellipse of laser polarization is along the y-axis, the intensity of the
harmonic spectrum is increased, and the reason for this process is discussed
by analyzing the time evolution of the population of ionized electrons. In the
following, the effect of incident laser polarization on the output attosecond
pulse polarization and its width is investigated, which is resulted in the
generation of an elliptically polarized attosecond pulse.

Keywords:  High-harmonic  Generation, = Femtosecond  Laser,
Formaldehyde Molecule, Molecular Orientation, and Laser Polarization.
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2D Janus MnSX (X= Cl, Br, I) Monolayers with
Intrinsic Ferromagnetism and Half-Metallicity !
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Seyyed Mohsen Modarresi*
Received: 2023.09.09
Revised: 2024.01.25
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Abstract

Using the first-principles calculations, we have investigated the structural,
electronic, and magnetic properties of the two-dimensional Janus MnSX (X=
Cl, Br, I) monolayers. The dynamical stability for the 2D Janus monolayers
has been confirmed by phonon spectrum calculation. Also, all manganese
sulfide halide monolayers show half-metal with 100% spin polarization and a
wide half-metallic gap. The noncollinear DFT calculations indicate that the
two-dimensional Janus monolayers are ferromagnetically ordered systems and
the preferred direction of magnetization lies in-plane of Janus manganese
sulfide halide monolayers. The magnetic anisotropy energy increases from
MnSCl to MnSlI, related to the strong spin-orbit coupling at the I atom and the
increased asymmetry between the sulfide and halide planes. The dispersion
relation of magnetic excited states is obtained by applying the linear order
Holstein—Primakoff transformation to the anisotropic Heisenberg
Hamiltonian. We estimated Curie temperature for the monolayers by a self-
consistent calculation of magnetization as a function of temperature. Our
study presents a new class of 2D magnetic materials for future spintronics and
valleytronics.

Keywords: Mn Sulfide Halide Monolayers, Ferromagnetic, Magnetic
Anisotropy, Curie Temperature.
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