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Quantum Simulations of Materials

e— HOME PEOPLE RESEARCH PUBLICATIONS NEWS EVENTS v  GALLERY CONTACTUS Q
Isfahan University of Technology

ESpinS: A program for classical Monte-Carlo simulations of spin systems

Magnetization
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Magnetic compound Spin-lattice model 0.05

https://github.com/nafiserb/ESpinS

magnetic (()), non-magnetic (®) atoms

00720 40 60 80 100
T(K)

. . . Structure factor .
Spin model Hamiltonian: - = g
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N. Rezaei, M. Alaei and H. Akbarzadeh, Comput. Mater. Sci. 202, 110947 (2022).
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Bonding State
M M

There is charge between the two H atoms — Bond [ YVbond) =

(I1) +12))

Sl

1
Antibonding State [Yanti) = —=(|1) — |2))

2
/\ ij ami
wanti

No charge between the two atoms — No bond
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Quasicrystals

The Nobel Prize in Chemistry 2011 is awarded to Dan Shechtman

Quasi-periodic pattern at the Gunbad-I Kabud tomb tower in Maragh
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The 2000 Ig Nobel Prize in physics &
was awarded to Andre Geim, Radboud
University Nijmegen, and Michael Berry,
University of Bristol, UK, for the
magnetic levitation of a live frog. Geim
was awarded an actual Nobel Prize in
Physics in 2010.[1]
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Electric Field Effect in Atomically
Thin Carbon Films

K. S. Novoselov,” A. K. Geim,"* S. V. Morozov,” D. Jiang,’
Y. Zhang." S. V. Dubonos,” L V. Grigorieva,” A. A. Firsov®

We describe monocrystalline graphitic films, which are 2 few atoms thick but are
nonetheless stable under ambient conditions, metallic, and of remarkably high
qQuality. The films are found to be a two-dimensional semimetal with a tiny overlap
between valence and conductance bands, and they exhibit a strong ambipolar
electric field effect such that electrons and holes in concentrations up to 10" per
square and with r v e mobil of ~10,000 square
centimeters per volt-second can be induced by applying gate voltage

22 OCTOBER 2004 VOL 306 SCIENCE www.sciencemagorg

Graphene films.

(A) Photograph (in normal white light) of a
relatively large multilayer graphene
flake with thickness 3 nm on top of an
oxidized Si wafer.

(B) Atomic force microscope (AFM) image of 2 ym by 2 um area of this flake near its edge. Colors: dark brown, SiO, surface;

orange, 3 nm height above the SiO, surface.

(C) AFM image of single-layer graphene. Colors: dark brown, SiO, surface; brown-red (central area), 0.8 nm height; yellow-
brown (bottom left), 1.2 nm; orange (top left), 2.5 nm. Notice the folded part of the film near the bottom, which exhibits a

differential height of 0.4 nm.

(D) Scanning electron microscope image of one of our experimental devices prepared from FLG.

(E) Schematic view of the device in (D).
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On-site energy: coupling with the primitive cell

(R’l nllHlél ’I’L> _ ( €p Yppm )

Yopr €p

The phase factor is ¢?% (R —F) — 1
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Off-diagonal terms: coupling with other cells

].CE”C_L’Q
- - 0 0
R'n’HR’—I—Ez’n:( )
(R R ) = (0

. -7 >/ — =/ = N
The phase factor is e?* (' +a2—R) — gik-ds

2. Cell C_L’g — 5:1
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The phase factor is e
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Off-diagonal terms: coupling with other cells

3. Cell —62
(R'n'|H|R' — @y n) = 0" Yppr
0 0
The phase factor is otk (R'—dy—R') _ o—ik-ay

4. Cell —as + ay
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from pythtb import x .
10505 0ol el gy -F
# lattice vectors and orbital positions =509 Vo Y
lat=[[1.0, 0.0], [0.5, np.sqrt(3.0)/2.0]]
orb=[[1./3., 1./3.1, [2./3., 2./3.]]

# two-dimensional tight-binding model
gra=tb_model(2, 2, lat, orb)

# define hopping between orbitals
gra.set_hop(-1.0, 0, 1, [ @, 0])
gra.set_hop(-1.0, 1, o, [ 1, 0]) 1
gra.set_hop(-1.0, 1, o, [ @, 11)

# solve model on a path in k-space
k=[[0.0, 0.0],[1./3., 2./3.],[0.5,0.5]] 1 A
(k_vec,k_dist,k_node)=gra.k_path(k, 100)

evals=gra.solve_all(k_vec) =

# plot bandstructure
import matplotlib.pyplot as plt r K M
fig, ax = plt.subplots()

ax.plot(k_dist,evals[0,:])

ax.plot(k_dist,evals[1,:])

ax.set_xticks(k_node)

ax.set_xticklabels(["$\Gamma$",6"K","M"])

ax.set_xlim(k_node[@],k_node[-1])

fig.savefig("band.png™)

-
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Machine Intelligence for Materials Science

Henri Alloul

N. M. Anoop Krishnan -
Hariprasad Kodamana
Ravinder Bhattoo

DAVID W. SNOKE Introduction

Machine SOLID STATE to the Physics

Leaming PHYSICS of Electrons in

I Essential Concepts b
for Materials QUANTUM THEORY e Solids

Discovery OF MATERIALS

Numerical Recipes
and Practical Applications

@ Springer

Berry Phases in
Electronic
Stru cture Theo aY, Marvin L. Cohen and Steven G. Louie

q‘ Onbital Magnetization andi v %E)RNF[))&YNSSKE:%
) f’ \‘ TopologicalInsulators

(i

J““ "“L( ‘ I lellﬁ !7| \

Stefano Sanvito Lecture note
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PHYSICAL REVIEW B 93, 085424 (2016)

Highly anisotropic thermal conductivity of arsenene: An ab initio study

Majid Zeraati,! S. Mehdi Vaez Allaei,>:" I. Abdolhosseini Sarsari,” Mahdi Pourfath,*> and Davide Donadio®7-%:1
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FIG. 1. Top and side views of puckered arsenene.
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Electronic Structure

PAPER

Electronic and interfacial properties of graphene/HfS, van der
Waals heterostructure

S Karbasizadeh "', F Fanaeeparvar and I Abdolhosseini Sarsari®

Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
* Author to whom any correspondence should be addressed.

E-mail: abdolhosseini@iut.ac.ir
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Figure 2. Schematic graphics of optimized crystalline structures of (a) 3 x 3 x 1 supercell of graphene, (b) 2 x 2 x 1 supercell of
HIfS, and (c) G/HfS, vdW heterostructure.



PHYSICAL REVIEW B 102, 134103 (2020)

Theoretical study of quantum emitters in two-dimensional silicon carbide monolayers

Q. Hassanzada,' 1. Abdolhosseini Sarsari©,! A. Hashemi,” A. Ghojavand,' A. Gali,” and M. Abdi'
' Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
2Department of Applied Physics, Aalto University, FI-00076 Aalto, Finland

3Department of Atomic Physics, Budapest University of Technology and Economics, Budafoki iit 8, 1111 Budapest, Hungary

(a) (b) (c)

oC
©Si

FIG. 1. Atomic structure of (a) SW, (b) SW-Sic, and (C) SW-Cs; defects. Silicon and carbon atoms are illustrated by blue and black colors,
respectively



PHYSICAL REVIEW MATERIALS 8, 056201 (2024)

Vacancy-related color centers in two-dimensional silicon carbide monolayers

M. Mohseni @,">° 1. Abdolhosseini Sarsari ®,>" S. Karbasizadeh @, Péter Udvarhelyi,"* Q. Hassanzada ®,
T. Ala-Nissila®,%” and A. Gali®!487
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Quantum Science and Technology

PAPER

Strain induced coupling and quantum information processing
with hexagonal boron nitride quantum emitters

F T Tabesh' ', Q Hassanzada"*’, M Hadian', A Hashemi’, I Abdolhosseini Sarsari' "’

and M Abdi"

- W [ 5] —

Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany

Department of Applied Physics, Aalto University, PO Box 11100, 00076 Aalto, Finland
Author to whom any correspondence should be addressed.
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PHYSICAL REVIEW B 111, 205204 (2025)

Boron isotope effects on Raman scattering in bulk BN, BP, and BAs: A density
functional theory study

Nima Ghafari Cherati ®,!-? I. Abdolhosseini Sarsari ®,> Arsalan Hashemi®,*” and Tapio Ala-Nissila ©*>-1
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Spin-Phonon Relaxation of Boron-Vacancy Centers in Two-Dimensional Boron
Nitride Polytypes

Nasrin Estaji,! Ismaeil Abdolhosseini Sarsari,! Gergé Thiering,? and Adam Ga,112=3=4=ﬂ
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Ab Initio Quantum Electrodynamics for Quantum Materials Engineering

September 29, 2025 - October 3,2025

Registration deadline: May 30, 2025

Location: Flatiron Institute, New York City, USA



S L



