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Variational Quantum Algorithms (VQA) are considered to be one of the most promising quantum algorithms in
the NISQ-era. On one hand they can be applied to a wide-range of optimization problems, and on the other
hand they are flexible enough that small models can be implemented on available hardware. That is why VQA
has been proposed for a wide variety of problems, including but not limited to dynamical simulation, ground
state preparation, machine learning classifiers and generative models, etc. However, despite their immediate
appeal, VQAs are prone to a variety of different pitfalls. For example, the optimizer can get stuck in local
minima, or the gradients can be exponentially small, a phenomena also known as barren plateaus, requiring an
exponentially long optimization procedure.

In this short exploratory talk 1 will first discuss how VQA can be applied to a range of different problems. Then |
will summarize the results about their known limitation.
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Noise deconvolution with partial knowledge about the noise

Ahmadvand, Nahid!; Memarzadeh, Laleh?

! Department of Physics, Sharif University of Technology, Tehran,
2 Department of Physics, Sharif University of Technology, Tehran

Abstract

We present a method for noise deconvolution when our knowledge about the noise is hot complete. We consider
a two-qubit system and assume that the noise on one of the qubits is known and there is correlation in noise
without knowing the exact degree of correlation. To present the main idea, we focus on the case where one of the
qubits experiences bit-flip noise. We show that for a class of observables despite partial knowledge about the
noise, our method for noise deconvolution is completely successful.

Keywords: Noise deconvolution, Error correction, Quantum channel.
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Studying the properties of the entanglement entropy in the coupled quantum harmonic
oscillator model by considering the number of the oscillators and different partitions.

Beglari, Ayoub?; Eghbalifam, Faghiheh?

! Faculty of Physics, Urmia university of Technology, Urmia

Abstract

In this paper, the entanglement entropy is investigated for the ground state of the Hamiltonian of the coupled
guantum harmonic oscillator in two graphs, including the Path graph, and the Star graph. Then, the properties
of the entanglement entropy are studied according to the increase in the number of oscillators in some kinds of

partitions.

Keywords: Entanglement entropy; Coupled quantum harmonic oscillator model.
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Molecular Electronic Structure Calculation via a Quantum Computer

Naeij, Hamid Rezal; Mahmoudi, Erfanz; Davoodi Yeganeh, Hossein2 and
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Abstract

We implement the Variational Quantum Eigensolver (VQE) algorithm, as a hybrid quantum-classical
algorithm to calculate the ground state energy of the molecules such as Hs', OH , HF and BH3 in
which the number of qubits has an increasing trend. We use the parity transformation for fermion to
qubit encoding and the Unitary Coupled Cluster for Single and Double excitations (UCCSD) to
construct an ansatz. We compare our quantum simulation results with the computational chemistry
approaches including Full Configuration Interaction (FCI), as benchmark energy and Unrestricted
Hartree-Fock (UHF), as a common computational method. Our results show that there is a good
agreement between ground state energies obtained from VQE and FCI. Moreover, the accuracy of
the energies obtained from VOE in our work is higher than the previously reported values.

Keywords: quantum computer, variational quantum algorithm, ansatz, molecular ground state
energy
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1-Introduction

One of the most important applications of a
quantum computer is electronic structure
calculation of molecular systems which is the
heart of computational chemistry. The
fundamental goal of molecular -electronic
structure problems is to solve the ground state
energy of many-body molecules. Knowledge
of the molecular ground state properties allows
researchers to obtain information about stable
structures of the molecules, properties of the
molecules and the mechanism and kinetics of
the reactions [1].

The electronic structure calculation is a
computational challenge due to the presence of
electron-electron correlations in the molecular
Hamiltonian. Consequently, the problem of the
ground state energy can be solved by
approximate approaches. In the weak
interaction between electrons, the Hartree-
Fock (HF) method can be used, which is a
mean-field  approximation. When  the
interaction between electrons becomes strong,
one can use classical methods such as
Configuration Interaction (CI) to obtain more
accurate results. Furthermore, the Full
Configuration Interaction (FCI) is a linear
variational approach that can give a nu-
merically exact solution for the ground state
energy of the molecules without any truncation
of the CI method. For this reason, FCI provides

benchmark results against which other
approaches can be compared [2].
In recent years, Variational Quantum

Algorithms (VQAS) have been developed as a
leading strategy to gain quantum advantage in
Noisy Intermediate-Scale Quantum (NISQ) era
computers. In this regard, the Variational
Quantum Eigensolver (VQE) algorithm was
developed in 2014 to estimate the molecular
ground state properties on NISQ era computer
[3]. Nowadays, VQE has attracted much
attention in quantum computing due to their

22

relatively low circuit depth and robustness
against noise which has led to successful
studies for the simulation of small molecules
on available quantum hardware and simulators
[4,5].

Here, we implement VQE to calculate the
ground state energy of molecules such as
Trihydrogen Cation (Hs"), Hydroxide ion
(OH"), Hydrofluoric Acid (HF) and
Trihydridoboron, also known as Borane (BH3).
Moreover, we use computational chemistry
approaches such as Unrestricted HF (UHF) and
FCI to find the ground state energy.
Consequently, the results of the ground state
energy obtained from VQE are compared to
FCI methods, as benchmark energy. It is
important to note, we have implemented the
Python-based software package on local
clusters for our VQE simulation.

2-VQE Algorithm

VQE is the most promising quantum algorithm in
chemistry which is implemented on the NISQ
devices. VQE estimates the ground state energy of
the molecules using the Rayleigh-Ritz variational
principle which is defined as
W(6) 1 H1y(6)) = E, €Y)

where E, is the minimum eigenvalue of
Hamiltonian (H) and y(6) is the ansatz for the
ground state energy which is prepared by
applying the parametrized gate U(6) on the initial
state . This principle states that one can find
the ground state energy and wave function by
optimizing the parameters 6 for a particular
geometric configuration which minimizes the
expectation value of H.

The steps of the VQE are as follows [6]:

1) The second-quantized H for the molecular
systems should be obtained based on the
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computational basis. Then, fermion to qubit
transformation for the second-quantized H
should be performed.

2) Based on a good classical approximation to
the ground state of H such as HF functions, an
ansatz state (6) would be prepared by
implementing unitary gates U (6) on a quantum
circuit as | ¥(0))= U(O) | Y,). The gates that
operate on the qubits can be any parametrized
gates such as single qubit rotations R, (6), R, (6)
and R, (68) or non-parametrized gates such as X,
Y, Z, CNOT.

3) The expectation value of Hamiltonian
(HY = (¥(6) | H | ¥(8)) which includes tensor
products of Pauli operators should be measured
for the prepared ansatz (8). This step is often
called Hamiltonian averaging. The state
preparation and measurement steps are
repeated many times to estimate the
expectation value of Hamiltonian.

4) The final step is optimization. In this step,
the parameters 6 in ansatz (@) are updated
iteratively to minimize H. We assume this
procedure converges after n iterations.
Therefore, the variational ground state energy
and wave function would be obtained.

It is worth noting that fermion to qubit mapping,
state preparation and measurement steps are
performed on a quantum computer and the steps
of second-quantized H and optimization would
are performed on a classical computer. For this
reason, VQE is a hybrid quantum-classical
algorithm.

Briefly, in VQE, the energy and parameters
obtained from the quantum computer are input
to a classical computer which outputs new
parameters and are then fed back to the quantum
circuit. This process is repeated until the energy
converges. A schematic of VQE is given in
Figure (1).

23

Hamiltonian

{ZF Ry(0.)

|_l'|nhm' Parameters ;... 0y, |

Figure 1: A schematic of VQE to estimate the molecular ground state
energy.

3-Results

In this section, we report the results obtained
from the implementation of the VQE algorithm

tocalculate ground state energy of Hs*, OH™,
HF and BHs molecules.

As an example, for HF molecule we start by
considering the 1s orbital for hydrogen atom and
1s, 2s, 2px, 2py and 2p; orbitals for fluorine atom.
This leads to 12 molecular orbitals considering
spin. Consequently, the calculation of the
Hamiltonian of the HF molecule requires the
consideration of 12 spin-orbitals (12 qubit). In
other words, each qubit typically denotes the
population of a spin orbital. Therefore, the

number of qubits for Hs*, OH™, HF and BHjs
molecules are 6, 12, 12 and 16, respectively. We
reduced the number of qubits considering Z2
symmetry. In this work, we chose a two-qubit
reduction, which leads to a reduction in the
complexity of the operation and especially useful
for NISQ-era computers. The molecular orbitals
are calculated from the UHF method in the STO-
3G basis functions. To transform fermion to
qubit, we have used the parity transformation
approach. Moreover, we have used Unitary
Coupled Cluster for Single and Double excitations
(UCCSD) ansatz in our calculations which is a
well-known chemically inspired ansatz inwhich a
Hartree-Fock initial state is used as a starting
point for the ansatz. The classical optimization
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processis performed using the Limited-memory
BFGS Bound (L-BFGS-B) optimizer.
Consequently, the ground state energies of the
molecules are obtained from VQE
implementation on Python-based software
package on local clusters.

We have calculated the electronic ground state

energyof Hs*, OH™, HF and BH3 molecules in
various bond lengths using VQE, UHF and FCI
methods. The potential energy curves of the
molecules as a function of bond length (A) are
plotted in Figure (2). In Figure (3), the ground
state energies of studied molecules obtained
from VQE and UHF are compared to the FCI
results. By analyzing the errors based on
logarithms, we conclude that there is a good
agreement between molecular ground state
energy obtained from VQE and FCI approach,
especially in the equilibrium bond length of the
molecules.

VaE VOE
(=—UHF
=== Fel

Energy (Hatree)
Energy (Hanree)

@0 05 10 15 20 25 30 35 40 45 05 10 15 20 25 30 35 40 45

H-H Distance (h)

VOE
—— UHF 2424
F---FC1 1

Enengy (Hertree]

15 20 25 30 35 40 45
B-H Distanse (h)

Figure 2: Potential energy curves of a) Hs*b) OH- c¢) HF and d) BH3
molecules as a function of bond length (A) obtained from VQE,
UHF and FCl approaches.

Since we did not use a significant reduction of
qubits, the average accuracy for the VQE
results in our study (=107) is higher than the
values reported by others (=1073) [4-6].
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= VOEFCI Errer]
—e— UHFIFCI Emmor
-

—e— VQEIFGI Error
—=— UHFIFCI Ermor

9

8 | I‘l OH

—=— VOE/FC| Error
—=— UHFIFCI Eror

Figure 3: Error in the ground state energy calculation of a)
Hs*, b) OH-¢) HF and d) BH3 molecules as a function of

bond length (A) obtained from VQE and UHF in comparison to
FCl energies as benchmark energy.

4-Conclusion

We have used the VQE algorithm to calculate the
ground state energy of some molecules such as

H*, OH™, HF and BH3. Moreover, we obtained
the ground state energies based on theUHF and
FCI methods. Our results show that there is a
good agreement between ground state energies
obtained from VQE in comparison to the UHF.
This work has been done with the aim of
benchmarkingthe VQE algorithm to calculate the
ground state energy for a new set of molecules
that can be good candidates for molecular
simulation on a real quantum computer.
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Detection of Quantum Discord through Convolution Neural Network
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Abstract

Quantum discord is a type of correlation that is defined as the difference between the quantum mutual
information of two parties, and their classical mutual information. Due to the optimization which is present in
the definition of quantum discord, it is not a simple task to calculate it analytically, and even to distinguish
between the discordant and non-discordant states. Using the machine learning algorithms, we have designed a
convolution neural network that is able to sift the states which have non-zero discord with 94% accuracy.

Keywords: Quantum Discord, Convolution Neural Network.
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The impact of non-equilibrium steady-state currents in the quantum battery charging

Hatami Kamin, Farzaneh'; Abuali, Zahra!; Salimi, Shahriar?

! Department of Physics, University of Kurdistan, Sanandaj,
Abstract

In this paper, an analysis of the availability and maximum extractable work of quantum batteries in the
presence of charge and/or heat steady-state currents is presented. Quantum batteries are modeled as non-
interacting open quantum systems (mesoscopic systems) strongly coupled to two thermal and particle reservoirs
within the framework of non-equilibrium Green function theory in a steady-state regime. The results display
that the battery can be charged manifestly by a steady-state charge current compared to heat one, especially, in
an off-resonant transport regime. This allows us to reliably access the performance of the quantum batteries in
the high bias-charging regime.

Keywords: Quantum battery, Steady-state, Resonant, Non-equilibrium Green function theory.
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Optimal input states for quantifying the performance of continuous-variable
unidirectional and bidirectional teleportation

Samad Khabbazi Oskouei

Department of Mathematics, Varamin-Pishva Branch,Islamic Azad University, Varamin
Abstract

Continuous-variable (CV) teleportation is a foundational protocol in quantum information science. A number of
experiments have been designed to simulate ideal teleportation under realistic conditions. In this paper, we detail
an analytical approach for determining optimal input states for quantifying the performance of CV unidirectional
and bidirectional teleportation. The metric that we consider for quantifying performance is the energy-
constrained channel fidelity between ideal teleportation and its experimental implementation, and along with this,

our focus is on determining optimal input states for distinguishing the ideal process from the experimental one.
‘;"-:)J-:ﬁ uw}ﬁbs e 4,1)]&.; u\;'.w”‘ J.é.’.'.a AJ,."JS Z‘_;J.:JS ‘_;Lhéj“,

PACS No. 94A15, 47A63, 81P45

S dse b arwsn o531 St 8l OV s & 5
Sloe &gy o580 35 sl s il sl
Dt e ez 0l w5 el e eSS S S
JS 5555 50 Sl il 0l Ly oS 5 ez 5y 03 05
s e b | bl e S oS 6 ol Sy
ol plil 5 55 dBSE G SS Ly s5el s oo oS
S SaS Lyl e 53 1) (5,5 o3Il et o sen (5,8
el Lo, ol 3 S oo Ll 0 1S 4 SIS JUIS
sl SISl oSG ol w5 S (6 S o3ll Slkes
B o5b a0 sl Il dlol s 15 G s [1] 55l et
Jledl Sl (K o 55 w55 65 4y il Lol 355 e sk

33

PRV
oS Dbl B s il IS 555 S 58l 2005
o558 Sl S Il ol )35l SIS e oS
Oy (S5 o3 Sl eslinal b K08 OIS 4 O Sl ol g
5 oy Slles SLS L pizmad 5 okt b 5 ol xS o ol
bl 5 S ls asslsS sl e SedS SbLs )
(IS Pl g S5 Ll el S b3S o
Dl ki A3l e o538 sl 4 5 e ssl S Sliilous
St Gl anm 5 5 o588 3 015 S 5 0 Sl o3l
b sl 818 305 058 el el el sy 05318

et Al 658 D e 5 IS Glagtees Sy



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

U 55 e 55 Casdeee b i SO ool o e
sd i 55 Sy Nyp s Myop
Fe(My_5, Nyisg) = inf F(M,_ )
E(My_p, Nasp) praTriAnpa)<E ( a5 (PrA)

NA—>B(PRA)).
P2 =Trr(Pra) s Pra € B(Hr @ H,) <

sdledl s )5 LS e Olge a4 b 3 5 s s
Lo 205 gl Oy oo (g5 Cunsione by JUS
sl Sles 5 Hy Sstals Ol U osls 13 anlas 5,4
o) JUB o 2L e gy = Xon(n)(n|y oss
533 osba Mg o T p (225 Jans JUS 5 Tpsp Jl
2y AL G 1) Do) g
FE(‘{]A—»B' 7:4{»3) =
inf F (T0p (Wra), s (Wra) )
- »JAsB RA )
YRrA

Yra = |1/))(1/)|RA

N s sl TnmoAn =15 Ypiondn <E. Lt
PR WEN S S A PR UWINPI P PP IIGN | Eoy PTG PR -t Y
Sy g3de ST SLS L[] s oS sl Sy 5

s Sl ol sl

F (7,443 (Yra), Tqis (lpRA))
1 - C § 2
Pn Pn
= (1+9) (; 1+ E)"> * <n=1 1+ f)”)

LS S o 1 5wl - Ppg I e 6l

1 S ’ S
Tus @)= (; (1+§)n> +<n=1 (1+€)">

S 55 e [4] sls olis . p € RM+1 A sl

F (lpRA: TAiB (lpRA)) = fM,f(P)-

a+$ .. of =
Al LE S Gm i ot b fig s 015 0

an{O,,M}, LY J))‘ S D) .b_ﬂ]& L anO

2

e e Sl el Mo =1, Eilonpn <E
po=1-E, pr=E

34

Lo =3 Skl GE gt e o A s LA B s
25 o Al e BT s 3 65,25 S Sl Calg
175 Wy 35 A ey Bl T o ol 3 5 K
e s A Sl a5 Ll O sl s gl
Jley) s S 51 alislesl Sl sllas b5 45 o
R

W g e 33 51 oo bl s See Loocdlie ol s
Jebd pasiie (55 Slatus sz Co |y b 5 4 LSS
s JUE I els s b oS (63 Shas s oS e
ssb bl OF sy s s Jledl 5005 (6550 Cus s
S Sl oS o My ) wg G205 s> o
JUE o7 G S sl Sl e sIS sl
Gl sl Cow b L Sl pl cow sy 5 Jlent
S s el s S L hs, el 0SS JUS 53 Ol
S o ealital o pinedin Slale 3 iledg LSS
(B3 D s sl s 5 8 bS5 Gl e saJ-
Al e LS o Gho (55 s byl s oS alis ol
e e (S35 S &S S e DU Ll el
LSS w g wibes sl sy 0 L @l s 5 4
i s oMbl g ki s SLol, Jlee op ol
b e lag ,Se3lll oo 5 e ol andlas o3y 4 tlies
55l sadlls b

8 E R
S S B 5y gl Sl glas L H
w8 gozme 5 0ol o H o J&o w5l b1 s, bcte 50
el 33 Gl es o Rl BIH) L1 b JB o le
Dy g 25 S 53 pl o AS O 5 P J&

F(p,0) = |l{/pVall;.
Ml B s A s Sl el S JUS S

o S5 5 LRSS B 3 A e b Bl 0 il



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

Jledl a3 ,bss 3 1 5w (8550 4 5dmee JUIS LIS (ol ol
3 & ..
Soye w Ty @ Tp 0, O o5 s3lwesly 5 Saparp:
S 0 xS )
'3 &r _ .
FE(SAB_}A’B”%HB’ ® TBQA’) h ¢RAB:TT(}{<1‘AI;¢AB)SZE
F (Sagooz (bras) Tiops ® Tt (bras) ).
¢AB = 3 Sl u@‘b— I L§.3 ¢RAB C)T BE) S
Spie b Soean 5l Glang Olge 4 Trr(@prap)
AP, . 3 &r
Q‘fda O :)lj,a 4%¢>,-ng‘7:4_,3, ® g;;_mnﬁ 5AB—>AIBI
g S | I oL lae
Fg (SAB—>AIBHTA§—>BI X TBELA/) =
inf F (SABﬁAIBI(qJRAB)’TAE—)B, ® %E;A,(IPRAB)).
WRAB
el bt S & Yrag = (U RaB 0T 52

S sk
[V)rag = Amn [m, n)g|m, n)ag,
m,n=0
«Nsm m‘_g\ﬂkm’n >0 Sosb
Z (m+mn)23,, <2E, z Bon =1
m,n=0 mn=0

Ll 5l oS o Fosla 15 S0 1y i ole e Lo
B' A B A syt (oS e IS sy sl LS
G5 asdeme b UK i ol ol s K0S, L ol
7;15:,4/ X %E;Br Ll 7:4i31 X TBE:)A/J SAB—AIBI O
b azalsy bl s b sl sl LSS dleksl JUIS
S5 o U5 L T xSy JUS S
Jis LT p=1/(1+ &) &l s s AV LT
oS o e s3lsS JUS S AV pure-loss . 5l s
o (A =L s 25 5] s eat ssies
5505 s dhedl s 2l (G Slre 0155 o VL e

Sl S|y a b o

35

[W)ra = V1 = E|0)£]|0)4 + VE|1)g|1),4.

$bys s pl g
—ajlapduﬁ\‘(mﬁL;La,:;:,,)CVanJ>>ﬂlJJJ&"M);
rb_:.}l oliw B g a.,\Jﬁf&:{ouétJU ol sls I 51l
;f”)fg))ﬁb‘“i“):qsg}gyﬁ)’ui‘LSLALSJL’"mJL:’)‘LSiiJ}"'ZJ‘
o Slles K8 5 Sl glag ,Sosll SaS L JTok]
L asbss sl 5 0l o [2]S o ol 3 SeadlS D3l
N 35 S g e 8,06 5 5 93 Sl S 5 Ol &
LSLAC,.S[} .OJ.'JMJA “ oJJJS )‘ LSJi'.’.)} bJ;:.wj.é “ AJJ; )‘
Lgudb-}mﬁbf&L@JB}AQ\)AM}A{ﬂLJdJ})}
mﬁ;d‘de'jAlL%;M\)a@f@au\;;)‘f‘ﬁf
SWAP dL:LSJa.ijo.leﬁba.,\;);w;dio.ki‘ﬁjb).}bf\j:

:Jﬁ&osb J:’il'“"fl)
SWAP = > [m)a(nls @ In)si(m5.
m,n=0
23l A e b blie 5 gsde b {[M)atm=o &S
Jif_JCJ)L:x..:chsdﬂ ol 1 sl glac Il JUK - C’éb

Sap-arp(Pa @ Yp) =0 & ¢p,.

3ol Jol Olgs & 1 SWAP JUS 0155 o el ol
Silwosly & 5 spa Tpoar 5 Janpr Jledl sladlls
LA o JUS S e boss g e 3l 5 5l (028
sy JUS s ooyl ol diws 4 S dase <L)
Gl S pdels o eli Ui T
25 S ke J5 Ses osd e i AB LS e e

Al

&r
X :T'B—>A’L5"Q'>'-

Ayp =My @ Ip + 1, ® fig
Pap ED(Hy; @ Hp) = » 4y

23 05758 3 S0k oS aas e 0L TT(papTlap) < 2E

LS)LM\J



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

FE,M(SAB' Ij-,g ®Ig,_>Al)
45—/ f’ 2
1—1+€,E+8<m) E?
€ —-¢)1+<)
§*A+9)
= 48 £\
1——E+8(—1+€) E?
€ -§NA+HA+E)
S2A+E)2+ (€ —¢)?

otherwise

if 2E<

if 2E<

4ac — b?
4a

e O 11
A+ +¢)? " A+HA+E)
_2E -9 4EA -8 - 20E

bEarert T aroarey
4 BEEY
R W TN G

s sbme 5l Sl e KaS L 01yt il el S o3V

A s L O sla

ol Rl
e 0052305 5 Hemant K.Mirsha s Mark. M. wilde ;I s
Azl o [A] o e pd s 53 OLISes s Comnell osils 5 pls 562

el ok a2 g (b Alie il e ) oS

lag o

[1] Samuel L. Braunstein and H. Jeff Kimble. Teleportation of continuous
quantum variables. Physical Review Letters, 80(4):869, January 1998.

[2] Aliza U. Siddiqui and Mark M. Wilde. Quantifying the performance of
bidirectional quantum teleportation, arXiv:2010.07905, 2020.

[3] Kunal Sharma, Barry C. Sanders, and Mark M. Wilde. Optimal tests
for continuous-variable quantum teleportation and photodetectors.
Physical Review Research, 4(2):023066, April 2022.

[4] H. K. Mishra, S. K. Oskouei, and M. M. Wilde, Optimal input states
for quantifying the performance of continuous-variable unidirectional
and bidirectional teleportation, phys. Rev. A 107, 062603 (2023).

[5] Filippo Caruso, Vittorio Giovannetti, and Alexander S. Holevo. One-
mode bosonic Gaussian channels: a full weak-degradability
classification. New Journal of Physics, 8(12):310, December 2006.

36

F (‘SABﬁAIBI(lpRAB)l :7;;5_,3, ® -715_’),4,(1,0}3143)) =

1 (oo}
11 x8) mmipnn/
aA+5Ha+&) Z Pmn pmrang Tf’ .

mnm/nr=0

Omed P = (pm,n):,)l‘n=0 = A”?n,n)::l‘n=0 ol 35 &S

1
T = Ty [,cj“um)(m'|A)£,i+f(|m'><m|A>].
1 1
T =Tr [Lj*f’(mxn'|B)£;+f’(|n'><n|3)]-

2 ol 2 J=
fE,f,f/(p) =
1 i p p TmmlTnnl
(1 +f)(1 _I_Er) mmn FPminrt & &r ot
mnm/ini=0
Lyl ok

M M
Z (m+n) przn,n < 2E, Z pan,n =1

m,n=0 mn=0

s o gl s el 95 4 Sl e S opl s

ﬁL@_;ilj:ﬁq\ié.ﬁﬁfwjﬁj):\)d;\j:.ﬂl):Lag_éjé
g:»—w\YL:AL_:bJ\MAJ‘JJ‘M&)J&J&J;)J@)JLSLM

dies s Cler & =8 cl sl 5 i, ol

1+¢
2E <
2+ 3¢
s ol [A] ol ds esls 0Lis

Fom (Sap Lip ® 15 ) =
1 4 2N
1- E+6<—) E?).
(1+E)2< 1+¢ 1+¢
u\j;-)laflz:l.}a\ﬂ} féwluw\f&})wja

o gdoen LS‘J" Slls S 9 PLY &L& Codgdoee Jlabu M

&5

2E < min{ ¢F-1 a+ 5)},

(&GE'-D)" (29)
s ol [A] el s esls 0Lis



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

Sy S S o3l Gl (0 55158 (mgten
Y4 DRSS ¢Taabls esljls, g‘(,_u.ﬁ CSb
I oKl (15 QUS| puonlige ffL; otCifs !

i oSl (G b oSl T

s S

R4Sy o ol i 03,5 i L8 S i (54 s e ) sihot s ke Con g [ rsibo 3 L] i Lo allin ) 5
ool ot 3 s Solbie blos Blal & Lol od iz 0 oo Jold )l ot 8,5 5ol I (S porms 4 imm o 4l S 4 i et S
G [y pmisibods o it (shils Il S 5 e gibanl (sla Slos jlstla (o sidan anlio (sl jlons o posibonl (slacl ol £ s o5 (51 .o

28 ok ol ity Sl e pidodl oslin (sla Slos b Olsi oo [y psdot st (SI> Sl oS alodls DL poizeas oz sl

.L;ﬂ}.@l;xfaj/,u/‘ s slos :‘5.&.\5 6\.&43“9
Coherence based on projective measurement

Mani. Azam?!; Rezazadeh, Fatemeh? ; Karimipour, Vahid?

! Department of Physics, University of Tehran, Tehran
2 Department of Physics, Sharif University, Tehran

Abstract

We have generalized the concept of quantum coherence to the case where experimental capabilities are not so
fine to prepare a preferred basis of states, rather only a set of projectors are at disposal of the experimenter. Due
to the difficulty of individual addressing of single atoms, this is a situation of practical importance. We define new
measures of coherence, characterize the incoherent operations, and the maximally coherent states. Furthermore,
we show how from a maximally coherent state, as a resource, one can create every other arbitrary state and every
arbitrary gate, by incoherent operations.

Keywords: coherence, projective measurement.
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Measurement sharpness and disturbance trade-off

Saberian, Nayere!; Akhtarshenas, Seyed Javad '; Shahbeigi, Fereshte 2

! Department of Physics, Ferdowsi University of Mashhad, Mashhad, Iran
2 Faculty of Physics, Astronomy and Applied Computer Science,
Jagiellonian University, 30-348 Krakow, Poland

Abstract

Obtaining information from a quantum system through measurement typically disrupts its state.
The post-measurement states for a given measurement, however, are not unique and highly rely on
the chosen measurement strategy, complicating the puzzle of information-disturbance. Two distinct
guestions are then in order. Firstly, what is the minimum disturbance a measurement may induce?
Secondly, when a fixed disturbance occurs, how informative is the possible measurement in the
best-case scenario? Here, we propose various approaches to tackle these questions and provide
explicit solutions for the set of unbiased binary qubit measurements and post-measurement state
spaces that are equivalent to the image of a Pauli channel. In particular, we show there are
different trade-off relations between the sharpness of this measurement and quantum resources
preserved in the post-measurement states, employing the optimal measuring strategy, in terms of
coherence and discord-like correlation once the measurement is applied locally.

Keywords: Unbiased Binary Qubit POVM, Pauli Channel, Sharpness, Channel quantumness, Local Quantum
Uncertainty (LQU).

41



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

5 JEE-G S5l 5k pygie 51 eslial b alie ol s
5035 2U53 pS Sla Sesll 4z sazms 3 OF 03 S
secpla el Gl eeon 2 AL gladlls
o S35 UK 5 g So3lll as sams sl aS 23 Ol
S Sns 5 Gl G5 e o pladals WL o
L Shy nl Lol s 5 Sl slacdl> esnlS
5 Lol wsdken (ol s e an S L s calshe By, g3
Lol Gl el acd gla Saesen o5

5515 g S5l

(s A NLM ={m; }iNz_ol 55l 6 Sesll
Wl 0350 JolS b (s frmata e (gls Shas 45 pars
e lila mimy =6m; - dalas b s s (5 Sl S|
18] ey S 2S5l (5 Se3ll 0T @ S Gao - 5
= Ol gbss wsS sba,Selul bodlie b s
s Ol Mg g =My} L & o5 o axlse -Tr[m; ]=1

Sl o oS ol 4K s AER® 5 03555 Olpee
S35 Ul Slias 4 Sl G 03055 S o e |
Sl o3V S5 ol 4y 5 sl S 5 S 031 S,  O
LS by Sl g5 cnl 025 55 Oy JS Sl 5 &8
[16-14] 5 5 o o 87 1o 0T 51 155 o0
5805 JUS

S ol 3y sdiShis 5 Cute SlS 23K e mlS JUS

JUS aSe G el sbade g
3

Sbdils 5l Lol Ju Eg(p)=) pjojpoj S5k
j=0

Ly Bl e Il LU assame ol by 5 ool Loz
[17] J).fu o3> u':'it““" R3 st L V.ldwa 6@.2—_5)% "<’i

mﬁb& 6...9_93 aalsl BE \) L;a_}:.r‘_’s JuS Q)L&JA ;})}5

42

PRV

S ek a2 eslS S e ml ) S
Cowdts &S o Ol & ol "IN sl Ok (Sledb
w4 e L (agSlS w1 LS 03,3
Aol o3lpn ol Sl fnssy 258 0 ot l)y S
[8-2] sste ool oz ool 4o 55
Slr el e (555 S5l Lasls (oMbl S
& &l s (S o3I 5 sl (e g3l sS slags S o3Il
0395 5papamie ol 5 A (g, So3ll B, ol
slml Sladdast ) Glsds S eslly glacdl-
S ol Ll Bl e Ll glad (g5, Sl s ol
(G| BT J12-9] =Yl
slgdig 1 JUS= g So3ll 850 g pseie (5 Se3lully
odlsl @l by a3l eslial (IS sba sl
las g5, ol gl 4 e M8l S (5 S5l
S By ooslsS U G dlesl slas o5 555 0 el

SESL JUES Olgieas JUS o o Sopds ol I )

Sy e s S Al Jals ) ge (6 Se3lll L
e bl (B pmls LS e (i b
s =D = 55 eyl B 5 e S gla S
S el psade ool 1 Jle (sl S il e les
L oS s gl 5l Glas gazms 4 2o (Dlles
S by bdlast cpl Olge s 3sd e blae gladlas
Sl lae & &8 sls ol (Mg (a sl S (6,5l
S ol 5l ol B asmlss JUS L g, Seslil ) On g
e Sl Sl So3lll 4 e Ll o ilizen slad 520
E Jis L Bl sl Selul 45 gazee

N

s 5 5 Jlael 15 e s S50l oS sl o5

Sy e G\J}@d\ Sledb| lade ax
oS ol Sl osls slite Slalas 0556 &Syl L
Sldaly oo 3gms Ol Sln (oS Sl (ool sk el

Sl s J)’U:'—l}&).gw



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

L ooeb ol s CL?‘;‘ 4 by JUK (,.im Ol 35 ,a
Wl 3 Slasin

1
Po=1-3P1 Pr=Py=Ps=5(+s—Vi+2s-37)

Glad ol S b 035 B Olpee ) 0 Ao 0] 52
b g —vi\j;'-r.alj s L;LALS;@(,A 5 esten—
e Mg S el
e B (SN B e sl Sila, S
2 S Sps 5 psdas bl s e 8IS wl
el Il (sl s =5, Se3ll s Jlosl Ol
B T R e D R R B

Qm =maxQ(Ey ), Ly =maxL(pg, ).
Cwm Cm

ML 5L Ey LS 02 5l Q(Ey ) Sosba
LQU =i ‘L(PEM)J
(s aepeme Cps EyolSile JUS S ySper
O35 sl o |y oS ol ML 5L gladlls

&:A.w\

Gy I sl

OLS sdoms 5 anid 0l o 5250l LQU 5 (65050

s e Ol T (655 w g Jlaae ol
A b Mg Olste 2liss s Sl 4aad
sl U ot Sl (sla e 0 52 pebmen b ot o

LQU (. Sojlul s JUl

G S e
S o Gdo i dails) o (6 pSe Il

Qu . <1-s?,

s,

Ly, =1-s.
slly oo SlasSeilll sl Llsy onl oo 2pmse Sslesl
a0 L Aol (slay g
7 (Sl S ST S il ) il pl e an
slas (g, Selul cila, 5l Lires o80T S =1 sx il
W sazme g Mgl e SIS SlS (6 Sesllil sl
Wl a5l S SIS GladUlS el b 18 5l sladUls
asgorma R3S Lt e e Ko Ob w055
o 0 oA egls AU S L Bl slagg Sl

43

S 035 2SS Ol 18l LUK O35 (055168
DI s S estan oSk 035 68 31 JUS
Lad pl sl delate glaal aen (55, (JUES dlesl 51
sdihim sdes Olspe CoaS ol G 3 3535 fols
SLJLE el o oo [ JUS Jlesl 5l o LI s
dop 55l pusdan JoS sbar 5 [18] Lyl S- (S8
SLJUE 035 aslsS ol Lio e el L bt

[19] 552 0 Jol> 5 alaily 51 JsL

Q(Es)=(Po—P1)* +(P2—P3)%  Po=Py2py2Ps.
—ssr A sl LQU) o sl S conbi poe
S S a5 o I 551 (S on 1 (S 5 grar
oS s Shy 5o esls JUS L bl [21,20]
53 LQU s s sl 5l eslizad L a8 s 0L 1, JUIS oo
S S sr  slp O Al 5 [22] Wl
s aly = pP = L JUS L Bt

L(pP)=1-Prax;  Prax =Max{P;,P,,P3},

K s J i Sk P =2(popi +[pjpy) of 55
sdasolss L(pP) s 35 2,050 Sl 8 glaolssl
oty S s ebdhis Sl el ol Senes
CaeS ol el J5L JUS S L5 J o 5l ey oS

Db A oo 8IS (SIS G dUS ol
JUS- 5 ;S 0510 6,8 5l

Sals sl Khas 31 dzea L5 M g, Seslul 5 E JUIS
o3l aS(gosba ABl wdls 3z s — D - 35 syl BIL 5 e
E(0) =D @i (p) mils 2l p 3355 I 12 51
Sl 21 [20] pr o s 51 SC T [my p] =Tr[@; (0)]
Solsl 2 31 Ly 51 ames S5 Epy Mgz
s?n2 s?n? s%n?

P? P PP
4 8 ophr o Golesl Gl Bl asd e Bl S Gl
S S <Py S1 6, ol b5k Ul aes .l

<1




G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

)Qled};ﬁ&:\zjiL@JASM;yw\)Z@mp
v\-“:@ QL.:..; b 6;;).};‘% CJL?- LSL‘M BE] CL\A Lo~

la g o
Sharpness= ;s drade-off= ;lg oW > oess w5 [1]

ks ous «discord-like correlation= i sl a5 Soes disturbance=Jsi=|
scompatibility= ¢ ,§ ;L. ccoherence= ... .. docal quantum uncertainty=_ .
tetrahedron= ¢~ 5 le> sunbiased=;l sz

[2] C. A. Fuchs and A. Peres; “Quantum-state disturbance versus
information gain: Uncertainty relations for quantum information”; Phys.
Rev. A 53, 2038 (1996).

[3] G. D’Ariano; “On the heisenberg principle, namely on the
information-disturbance trade-off in a quantum measurement”;
Fortschritte der Physik 51, 318 (2003).

[4] L. Maccone; “Information-disturbance tradeoff in quantum
measurements”; Phys. Rev. A 73, 042307 (2006).

[5] F. Sciarrino, M. Ricci, F. De Martini, R. Filip, and L. Mista;
“Realization of a minimal disturbance quantum measurement”; Phys. Rev.
Lett. 96, 020408 (2006).

[6] F. Buscemi, M. Hayashi, and M. Horodecki; “Global information
balance in quantum measurements”; Phys. Rev. Lett. 100, 210504 (2008).
[7] P. Busch; “no information without disturbance: Quantum limitations of
measurement”; in Quantum Reality, Relativistic Causality, and Closing the
Epistemic Circle: Essays in Honour of Abner Shimony (Springer
Netherlands, Dordrecht, 2009) pp. 229-256.

[8] G. Sharma and A. K. Pati; “Trade-off relation for coherence and
disturbance”; Phys. Rev. A 97, 062308 (2018).

[9] T. Heinosaari, T. Miyadera, and M. Ziman; “An invitation to quantum
incompatibility”; Journal of Physics A: Mathematical and Theoretical 49,
123001 (2016).

[10] T. Heinosaari and T. Miyadera; “Qualitative noisedisturbance
relation for quantum measurements”; Phys. Rev. A 88, 042117 (2013).
[11] T. Heinosaari, T. Miyadera, and D. Reitzner; “Strongly incompatible
quantum devices”; Foundations of Physics 44, 34-57 (2014).

[12] T. Heinosaari, D. Reitzner, T. c. v. Ryb“ar, and M. Ziman;
“Incompatibility of unbiased qubit observables and Pauli channels”; Phys.
Rev. A 97, 022112 (2018).

[13] M. A. Nielsen and I. L. Chuang; “Quantum Computation and
Quantum Information”; Cambridge University Press; Anniversary edition.
(2011).

[14] P. Busch; “On the sharpness and bias of quantum effects”;
Foundations of Physics 39, 712 (2009).

[15] Y. Liu and S. Luo; “Quantifying unsharpness of measurements via
uncertainty”; Phys. Rev. A 104, 052227 (2021).

[16] A. Mitra; “Quantifying unsharpness of observables in an outcome-
independent way”; International Journal of Theoretical Physics 61, 236
(2022).

[17] I. Bengtsson and K. Zyczkowski; “Geometry of Quantum States: An
Introduction to Quantum Entanglement”; 2™ ed. (Cambridge University
Press, 2017).

[18] A. S. Holevo; “Quantum coding theorems”; Russian Mathematical
Surveys 53, 1295 (1998).

[19] F. Shahbeigi and S. J. Akhtarshenas; “Quantumness of quantum
channels”; Phys. Rev. A 98, 042313 (2018).

[20] A. Jamio Ikowski; “Linear transformations which preserve trace and
positive semidefiniteness of operators”; Reports on Mathematical Physics
3,275 (1972).

[21] M.-D. Choi; “Completely positive linear maps on complex matrices”;
Linear Algebra and its Applications 10, 285 (1975).

[22] D. Girolami, T. Tufarelli, and G. Adesso; “Characterizing
nonclassical correlations via local quantum uncertainty”; Phys. Rev. Lett.
110, 240402 (2013).

44

Lad 53 It ax pa das o DL &S 553 0 Ol (D35 Lol
S a8 el sl min o Sesluilly sl
$x S(M) S (o s e i Sldbl 5 cul
G Sospon |y JUB (55 psgin om0 1) M (5,505
- E LBk GbM ol asgezms ;5> ML blae S wnis

Sg=maxS(M) ¢ o 25— D
e =Mma (M) ¢S o 5 - Dg

bl Sesle WOl U 2sS sl Seslul sl
Sy ‘Eﬁ u)yb Ju Sy ol S(Msyﬁ):s S Ao

'SEp- = DaXS :Pmax (sl Pmax _)"‘_)" La.:ez JUS
Ep

$tas b s 5 o $ L s L B JgL JUS 2 anad
S 0T Mg i (6, Seslt] (s3ldns Jlasl Gl g <l

Se, <{1-Q(Ep). Sg, =1-L(p").

S o

S 8 S oy e Gl e el ol 0
el sl S ple L5 e $ el b oSl
paeie S sy opl ey Sl das I3 U Sl ) e
wd e Sl e Olsea JUB-G,S el Bl
o i 23 (5 Sl G Lo el sl (S gD
S s Seilll aan s 53 £ 5eie b sl esladl 23
D L e N
SLJUE 5 Ol 2Uss msS GaSoslul o35 ks L
S8l slacll & &S ol Ol I oaas s sl
d gl Samen 5 gdes g &S el ol it
L0l ol my el e Loyl 058 on oo Sl al
S G sl 5l S Sl Gl e sl
e S S el (658 law g Ml ol &S Cl (6 S5l
ol &S SOl Sl gde Carsy 3 s e
a0 O ) sl mle ol des (ol DLV o 2l
Gl S G il o s e s G adlas
Ll Dbl Jldie ax gl g Soslhl (ol s



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

Sl B bl s s 68 edd i Kl 93 (Fee 058155 slb 031553 (e p
eze,ldJY ‘3‘}&’

Il sal ool ST o Rzilse 3] domly oS 3 04,5

Email: "behzadlaril979@gmail.com
J siass o2ty 55

0 LS~

Gl g3 ol o il S po L il ol 2 Slae (Sile aigy 4o Llgh o ol ol 8 byl Gl i 5 me 43 osilsS (sle o jlaus ples S8, o
=43 4ol Ao (48 ol gx}ff'uf‘js;wj; ol iy 0 D ged odliza] e sl STH 45 (645 old S L;Lafétw_y'j/;'[};‘f‘[@/ﬁ/q}f,_ﬂ/
2ol 1 o Olsie a5l et 5 15 oy 350 ol (Il b Lk 3 5 el ol 5 Qe Sl o3lisa Uy s aome 5 e 00 (SER1 LT o e

gk o ats o Tl Pl 8 b i s be 5 e g3 5 (645 0l g@;bf'j;fﬁjﬁ'bfjfu@jg’:jQJ;J/:_é)@‘a.u/’;mwgéglrj

S rsn oS o5 slo oS o I b Ll gl o] Gy ¢ Sipesle Kl g s tlS sls o5l

Investigating Quantum gates based on two strongly coupled oscillators in thermal non-
equilibrium conditions

“1Behzad Lari

! Department of Physics, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

Abstract

Investigating the thermal behavior of quantum gates exposed to the environment and under thermal non-equilibrium
conditions can be effective in their operations. To assemble such tools, strongly coupled oscillators in bosonic cavities
can be used. In the present paper, using the g-algebra and Tsallis statistics, we have investigated the entanglement of
two strongly coupled oscillators constrained to their two lowest energy levels and exposed to a bosonic environment in
thermal non-equilibrium conditions. As an application, we considered the Swap-gate's behavior in thermal non-equi-

librium conditions.

Keywords: Harmonic Oscillator, g-Algebra, Tsallis Statistics, Non-Equilibrium, Quantum Gate, Swap Gate.
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Studying the effect of damping in non-classical

witness behavior for a two-mode system
Zarabadipour, Somayeh'; Nahvifard, Elahe!; Bazrafkan, Mahammad reza!

! Physics group, International University of Imam Khomeini, Qazvin

Abstract
In this paper, the effect of damping in the non-classical witness behavior of a quantum harmonic oscillator
based on the qubit interaction was investigated and a new non-classical witness damping was introduced. In the
presence of damping, our qubit still measures the normal characteristic function, but the complex variable
introduced in the complex plane takes a spiral path, unlike the case without damping, which is a circle.

Keywords: Non-classicality, damping, qubit, normal characteristic function.
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Optimized Open-Loop Control of a Two-State Quantum System

Javidan, Kurosh? ; Akbarpour, Masoud?

! Department of Physics, Ferdowsi University of Mashhad, Mashhad, Iran
2 Department of Physics, Institute for Advanced Studies in Basic Sciences, Gavazang, Zanjan, Iran

Abstract

we often need quantum systems in a particular composition of Eigen-States to work with. To reach this goal, the
entity of Quantum Control Techniques is so useful.

In this research, we had solved and investigated a Control Problem of Different State-Transition via Lyapunov
Method, for a closed & coherent qubit under considering essential and useful elements of control. In presented
model, there is no limitation on considering any initial & final state. The goal of this model is to reach the desired
State; aside minimizing the intensity of external field, velocity of state-transition and achieving sustainable
manner. This was done numerically & analytically; and so the results of each of these, are compared with each
other.

Keywords: Quantum Control — 2 State Controlling Systems — Lyapunov Quantum Control
PACS No. 03.67.Lx, 03.65.—w
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Using quantum processors in convolutional neural networks while maintaining classical
architecture

Akbari, Amirmohammad!Mahdian, Mahmoud?

12 Department of Physics, University of Tabriz, Tabriz
Abstract

Classical architectures of convolutional neural networks have reached a suitable maturity and are widely used in
various fields. The limitations of the classical processing type make complex processing and processing on data
with bit-depth more time-consuming and expensive. The use of quantum processing can be used as a solution to
this problem in this field. Therefore, creating a method for combining quantum processing in convolutional neural
networks and providing this possibility is the subject of this research. In this research, quantum processors have
been used as convolution filters by keeping the tested architecture of classical convolutional neural networks, and
by sweeping the entire image with smaller kernels and also using a single processor as several separate filters,
make it more practical for quantum processors. Finally, the codes used as a basic framework With Python 3, it has
been made available to the public in open source form for repeating and changing and continuing the research.

Keywords: Quantum artificial intelligence, qguantum convolutional neural networks, quantum processing,
convolutional neural networks, hybrid processing, artificial intelligence.
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The charge and spin susceptibility of one-dimensional helical states in the presence

of the interactions and Zeeman field
!Bakhshipour, Zeinab'"; Hosseini, Mir vahid!
! Department of Physics, University of Zanjan, Zanjan

Abstract
We study the spin and charge response functions of the helical quantum wire in the presence of the interactions
and Zeeman exchange field. Calculating in the relevant and marginal-irrelevant regimes, we find that the
Zeeman field gaps out the helical states and mixes the spin states. This event along with the interactions, affects
the correlation functions of the charge density wave and spin density wave. The computational tools we employ

include Bosonization technique and renormalization group analysis.
Keywords: helical quantum wire- Zeeman exchange field- spin density wave- charge density wave-

Bosonization- renormalization group
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! Department of Electrical and Computer Engineering, Razi University, Kermanshah, IRAN
2 Department of Electrical and Computer Engineering, Razi University, Kermanshah, IRAN

Abstract

Quantum computing has emerged as a promising paradigm for performing fast computations, and guantum
machine learning is a new area of research in supervised and unsupervised algorithmic approaches. In this
article, a multi-stage method is employed for quantum encoding and transforming classical data into quantum
states. The transformation stages include dimensionality reduction using PCA technique, normalization using two
different methods, bounding using six different functions, and finally, the utilization of quantum rotation gates.
Experimental results on two sets of UCI clustering datasets demonstrate that the proposed clustering algorithm
outperforms the classical K-means algorithm and other quantum clustering algorithms in terms of most cluster
validity metrics.

Keywords: Quantum computing, qguantum machine learning, supervised and unsupervised algorithms, K-means
algorithm.
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Effect of the coherent pump on the generation of photon-photon entanglement

Tokhmechian, Saral; Vafafard, Azar!; Sahrai, Mostafa!

! Department of Physics, University of Tabriz, Tabriz,
Abstract

We discuss the generation of entangled photon pairs by a coherent pump in a correlated spontaneous emission
light. The system consists of three-level ladder atomic schemes in which two emitted photons with different modes
can be entangled. The density matrix equations for the presented system are derived and solved numerically. It
has been shown that the two emitted photons get entangled in a proper set of parameters. We demonstrate that
this system can be a source of macroscopic entangled light by using a coherent pumping field. The degree of the
entanglement enhances as the rate of the pumping field is increased.

Keywords: Entanglement, Incoherent pumping, Spontaneous emission, Photon
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Quantum coherence evolution and mixedness in memory channels

Hakimeh Jaghouri

Department of Physics, Shahid Chamran University of Ahvaz, Ahvaz
Abstract

We study the evolution of coherence and mixedness of a two-qubit system in memory- channels such as amplitude
damping, phase damping and depolarizing channels. The results confirm that the quantum memory channels
protect coherence against noise. On the other hand, these channels prevent from mixedness of the physical system.
In channels with memory, depolarizing and phase damping channels, compared to amplitude damping channels,

mixedness and coherence are preserved more.
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Entanglement Witness with no Shared Reference Frame

Jannesary, Vahid!; Rezazade, Fatemeh?; Raeisi, Sadegh'; Karimipour, Vahid*

! Department of Physics, University of Sharif, Tehran,

Abstract

Having common reference frames, i.e. aligned coordinate systems, is one of the presumptions in witnessing
entanglement in a two-party state possessed by two remote parties. This assumption may fail for many reasons.
In this article, we propose a method for witnessing entanglement in the absence of any common coordinate
systems. We show that with shared singlet states, no matter what kind of witness the two parties have in mind
and no matter what the dimension of the state is, the two remote parties can still witness entanglement with

the same efficiency as the original witness. Beyond the context of Entanglement Witnesses, our method works
also for remote measurements of observables of particles (entangled or not) in laboratories which may have

deficiency in their resources.

Keywords: Entanglement Witness, Shared Reference Frame, Signlet state

PACS No. 03.67.Mn, 03.65.Ud, 03.67.a.
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The PS-EOM-PS structure in time-bin BB84 systems

Rezaeishad, Donya Sadat 2%; Rezai, Mohammad'#; Tabataba, Foroogh Sadat®; A. Salehi, Jawad*?*

! Sharif Quantum Center, Sharif University of Technology, Tehran
2 Department of Electrical Engineering, Sharif University of Technology, Tehran
3 Department of Electrical Engineering, Isfahan University of Technology, Isfahan
4 Institute for Convergence Science & Technology, Sharif University of Technology, Tehran

Abstract
The time-bin BB84 quantum key distribution systems can transfer the photon over long distances on optical fibers
and support the use of arbitrary dimension qudits to embed the key information. The traditional Mach-Zehnder
interferometer structure in time-bin BB84 systems has a transmission and detection success probability of 1/2 at

both transmitter and receiver, which reduces the raw secret key rate. In this paper, the "PS-EOM-PS"
configuration is offered for implementing the Hadamrd operator, which has a near-1 success probability and can
be easily extended to arbitrary dimensions.

Keywords: BB84 protocol, Quantum key distribution, time-bin, cryptography.
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Effect of Doppler broadening in electromagnetic induced transparency in multi-
level qguantum systems

Rafiei Chaharborj!, Farshid; Bakhshi, Zahra?

1&2Department of Physics, Faculty of Basic Sciences, Shahid University of Tehran
Abstract

Many factors are effective in the phenomenon of electromagnetic induced transparency, among these
factors we can mention the effect of temperature, pressure, and the Doppler phenomenon, which in this
article we discuss the effect of Doppler broadening in electromagnetic induced transparency in a five-level
guantum system. We consider here an electromagnetically induced transparency (EIT) medium composed
of five-level cascaded atoms to control the group velocity of multi-frequency light under Doppler
broadening, an analytical expression for the group index of probe light as a function of parameters
Coupling light and ambient temperature are obtained. It is shown that by adjusting the intensity or
frequency of only the Couplin (coupled) light it is possible to simultaneously manipulate the group velocity
of the probe light in three distinct frequency regions, each of which can be between Sub-optical and super-
optical modes can be switched. On the other hand, the Doppler broadening effect increases the group
velocity and increases the range of coupling intensity adjustment to switch between superluminescent and
subluminescent states.

Keyword: Doppler effect; electromagnetic induction transparency; frequency; Group speed
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Capacities of Generalized Landau-Streater Channel
Roofeh, Shayan'; Karimipour, Vahid*
! Department of Physics, Sharif University of Technology, Tehran,
Abstract

This article introduces a two-parameter generalization of the Landau Streeter channel in three dimensions,
exploring its covariant properties and determining its complementary channel. The entanglement-assisted
capacity of the channel is accurately calculated, and a color map is generated based on the channel's parameters.
For the quantum capacity of the channel, upper and lower bounds are derived through semi-definite programming
and maximum coherent information calculation, respectively. These bounds are visually represented using two
color maps, providing valuable insights into the channel's quantum communication capabilities.

Keywords: Landau-Streater Channel, Covariance, Entanglement-assisted capacity, Quantum capacity
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Twin-Field Quantum Key Distribution Based on Differential-Phase-Shift Protocol

Zarei, Seyede Zahrat; Tarighi Tabesh, Fatemeh?; Abdi, Mehdi*

! Department of Physics, Isfahan University of Technology, Isfahan, Iran
2 Institute for Research in Fundamental Sciences, Tehran, Iran

Abstract

The aim of this research is to provide a new protocol for securely distributing a key between two trusted users
using coherent states of light. To present such a protocol, the twin field protocol is utilized where one user takes
on the role of a quantum repeater. In this research, we draw inspiration from the DPS protocol for encoding
bits. We show that by combining these two protocols in the presence of beam-splitter attacks, we can achieve a
higher secret key rate than the original DPS protocol.

Keywords: Quantum Key Distribution, Twin Field Protocol, DPS protocol, Coherent states of light
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Energy storage in quantum batteries and its relation with statistical properties of

chargers
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2 Faculty of Physics, University of Isfahan, P.O. Box 81746-7344, Isfahan, Iran

Abstract

In this paper, we study the performance of quantum batteries with independent and correlated double chargers
and its relation with the statistical properties of electromagnetic modes (chargers) introduced by Mandel
parameter. The results show that there is a significant relation between the amount of extractable energy
measured by ergotropy and the statistical properties of the chargers. On the other hand, we show that the non-
classical state of each charger can have an advantage for energy storage, and properties of the state of
chargers are affected by the presence or absence of initial correlation between chargers.

Keywords: quantum battery, ergotropy, Mandel parameter
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The role of entanglement entropy in investigating the quantum phase transition in
even-even nuclear systems

Ghapanvari, Maryam?; Amiri, Narjes?

tAtomic Energy Organization, Research Institute for Nuclear Science and Technology, Institute of Plasma Physics and Nuclear Fusion
2 Tabriz University, Faculty of Physics, Nuclear Group,

Abstract

In this paper, quantum entanglement is discussed as an indication of shape phase transition in even-even nuclei.
One of the quantities for measuring entanglement between two bodies is the von Neumann entropy, which was
considered as a suitable criterion for examining entanglement. How to determine the entropy in the IBM model
in the region of vibrational to unstable gamma rotor transition was presented.

Keywords: Quantum phase transition, guantum entanglement, interaction boson model (IBM), entropy.

PACS No. 21

e5lS adsl e s S Dbl 4l bl el S
Gl sl 5, esslS Sledbl a ks s el
Dacion il S o8 lates Glgatope aslllas 5 cdalis
[5] e &l el g a3 S a3 55 (5l 03 Lo (lgato &S
Sleop Glans Slpatns 3 e53lS SObI S eslal
S5 oSany gleadidy e 5 S gl L sl s
SOl sl 1) plad 5o s B &S S50 S ol
Sl 5 ealin S ol =l ol gl 3ols e sl S
Slatd Kb 3 e 5558 4o, 4 3555 Jb s e mlS
LBl O3l 4k a S el (o0 AT s Ak
OLEs (S ens b (Shs 4 slaten 055 o8 5 o518
Al A e (gl aen ladl B s Ui Lo 5 05 0313

107

PRV

SAS was (eilS Sl wle bl Bl 1 S
ol (g ey S s8lS (S s ol el S
s e sbml L3 5l a8 S wbl e Sl Sl oS
G LS e Sl wl, olas gl b S e 2iSes
5 it Olgtaed 1y 058 5l o3 o LagnlS Sl oS oS
Aol Lol oS Sl a3l S Cang Koo olyd Sl
Al adlllas gy g0 (gl oy i Nipde M b 5l sL5
L1755 1935 Jl 55 035, 0BL 5 [ Sidsa s ey e i)
SBT3 3 S 1B e gl S sdien s ledl
Gy [2] LesmlsS e oy sl Jlml asle e gmlsS
SAS a3 Al [4] es3lS Slals 5 [3] o538



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

1
S =(s;) ==s"
2
S’ = ! (s's+ss") = ! n, + !
T2 T2 4 @)
1
s;:(s;)*:zd*.d*

0 1 t i 1 5
§,=—(@d,d +dd)=—n +—
2 2 4

iy m 5 e SU(L 1) amr ol o o e Ses

By
S, (sd) =CZ™S*(s)+C¢"'s*(d) 3)
S%(sd) =C2"s°(s) +C2"S°(d) @)

slie Ny ey ids sl Cg s Cs clas s
I F e I e e I 04142,
ol o o s o SIHO) iy Sl el

-ﬁﬁyﬁiﬁ L ddlood Sois S s Jold 5 ol

1 1 1 1
Nk =—(v,+=),p, =—(n +-),
2 2 2 2

|Ia)>Sd = 5)

1 1 5
kK, =—@,+=), 1, =—(n, +—),LM
2 2 2 2

feols 5l 5l

S?lw) = {c i(ns +3)+cj" i(nd +E)}\|a)> =Allw) (6)
2 2 2 2

S skl S wls e SU(L, 1) sladge Sl esliad L

:V-’.'JJT

H =g¢S;S, +aS. + BC,(SO(5)) +yC,(SO@3)) )

C,=C, 6l @ cpsthuals pl itz > pslis bl b
oy gl Co=0 Cy 2015« O6) Sulus o,
4 adlas gl C#C, #0103 w iy 5 UB) s o>

2,8 o ol A eslinad 55 (5108

338 0 Ol 3 s a0 silals slie o5y I

108

Sl b 5 lares sla i 53 (Saspass e Ol o
QUi [7-61 ol ooy S 3 0, 5 IS ale (ol aeon
(ShSees b bl s lates Glagians 53 es5lS 50
05 S asin Gy [T-6] sl 4 8 5135 axdllas 3550 |5
2 S e 1) ol bl Sl et LS s
(sl aski sl (S el Ol S Ol (S
A3 laten e qrs 3 (B3 )l S Ol 4 LIS s
r 538 3B IS (6l OF (S a3l (l ply 35k w8 S
S S0 s o S S e S
blie cnl 53 [7] ol Ola s 9 8T (S0 58 Slgatons
Sl Dlegbge 5 Glans G Coeal 4wy
S or anlllan [ (e g8 (SaSenss a3l

bl (S eass sl b Gb S ) Gl
ol PHLR S ol sleslaad b IBM Jue ;s 5,138
5 lS SIS o 4 e S dlbes J
Sefanl oy 53 SASer 53 Ol sl azes il
A atls y 100104RY T3 g an

W8 685 Carlr

S s 53 SASens3 51 s OAE gy sk 4
bl 2 Ll s sl a5 ealial 550 sl (gl ann
Sl 25 3y 55 gt Bome SU(L 1) (o S
S Ll 555 el SOB) slasly UG L Juls o5 U(6)

Db sle

U (s)

0(6) @

U (6) 3{ } >0(5) o0(3)
Sas s eyl e SU(L 1) o5 L bl J

el Al SUE S e Jde baas Gl g e ol
o Dy e w1, d 58 e 0555 SU(L, 1)
ol s Sl gls 0539 gl 2 ste Klas Ng nssﬁs

]



wﬂwo@\zcbﬁ\’ s V4 - \;ubBJUbW\&w\ﬁfwﬂpmew

25 ley sheslaal b

C C
S/ =——8 ' +——S ' =aS + S, 11)
X; 1_Cszxi s 1—C§Xi d i~s ﬂl d
IT(m+ 2K
()" [k, k) = M2 ) (12)
I'(2k)

HGSNPY

:Zb.,k,k“ [k, k +L,LM )k, k +(m=1),L,M )

1=0

28

13)

Q)j—éﬂd})fwfdvu))b;J@vﬁjb&}ﬁikﬁ

:("'"))}‘ Cns 2D

B n 2 2
S :SS = Sd =" ‘bl’ksvkd‘ IOg(‘bl'ksvkd‘ ) (14)
1=
A (r!l‘(H—2k5))x((m—r)!l‘((m—r)+2kd)j
h - ‘ r(2k) (k) (15)
e LI r!l“(r+2k$) (m—r)!l“((m—r)+2kd)
\/;A( r(z) jx( r(zx,) )
1
A :m% (Z”(l)a”(z) ..... a”(l)ﬂﬂ(m) ..... ﬂ”(m) (16)

£ S UB) S i pon sl Shsens o5
spbe dhsl 253 5 7o gleaa 55 bl LEO(6)
Ld 58 sy Saseass g5l mn K851 IS
Salos 0, a- G 3ICS Jms b 5l b Olge w
Up o 1 IS 5l s e ol O(6) ¢ Ko <U(D)
A0S sl 0a (Saseass a8 plie iy
Sl s ol o Co<Ciy Gln 5 S Sl
SAS e 3 S AS o 045 S5 4 g8 G G

UB) 1> 5 oplply ity o 555 Jllis Sl Cs=1

109

E=h*+aA’+pBv(v+3)+yL(L+1) @)

sde pomes i b olis a,ﬂ,]/“_ sl el

JS slaws o N =2K +v, +v a5l eslizad LK ol S
o G55 b pnd (Sl a s e b e e Sl s
s OWsles 31 gl assame AL Sldlas 4l ) s Sl
255 U Jseme K sl U plii—cy =
g wn S35 SIS et e Sl e ey,
3 deol alie 5l eslinad U lanl (ol Vi Vg oslie b anlllas

e sl

J}..LL;A J;- i=1 oJ- b\ “ YL} aJoles O 9 oLl u::x.’:'
Matlah ale 51552 5o Slosloms ls ol o 5l oslizad b e
© e a8 el oS ok 4 s nl gl 4k ol
S Gl b s el a5l anl 5l el s

oo 488 Slawls sl e U5 gl

az[Niz

tot i,tot

N |-

()

A0S S0 elsl 53 e 355 e £eS 4y 350 e A
SADeR> e 08 5 @S0 S a0 IS 4l s (S
L Ol 05 350 b b aoas o SLLL IBM s 5 5
23S el s Sues s sl cmlie Golae Olse &
35 om SAS 03 (6,8 o3l sl eSS
UFe b SASeas g5 ol Ol 05 3351 (or
S e ol Ol Sl Caedl 4 5 jae palie Sl eslanal b

SS 0k pi Sose 4 Ul8 s ) i el

Za |u ®|V

©)
g il 3 3 03l b Ol o 1) e g g3 g 5

- =—Z|a| log(|a, ") (10)



iyt gmime ol olo e Yo 5 14 - 2 gslS Sl s Sl Lo il caeler ask dlis

12

A [100-106 Rll]

103 104

CRU Gle sl 6550 sbasls s ml ol wis 12 52

3y 5 ambes PUIRU Susans s 5T sl o
sbls RU S Glgsisnl oS sl Ol b Jels

b e L Ll

b

[1] Einstein, A., Podolsky, B., & Rosen, N. (1935). Can quantum-
mechanical description of physical reality be considered

complete? Physical review, 47(10), 777.

[2] Bennett, C. H., Brassard, G., Cr_epeau, C., Jozsa, R., Peres, A., &
Wootters, W. K. (1993). Teleporting an unknown

quantum state via dual classical and Einstein-Podolsky-Rosen channels.
Physical review letters, 70(13), 1895.

[3] Ekert, A. K. (1991). Quantum cryptography based on Bell's theorem.
Physical review letters, 67(6), 661.

[4] Ekert, A., & Jozsa, R. (1996). Quantum computation and Shor's
factoring algorithm. Reviews of Modern Physics, 68(3),733. [8] lachello,
F., & Kusnezov, D. (1992). Radiative decays of mesons. Physical Review
D (45)11-1, 4156-4177.

[5] Pichler, T., Dalmonte, M., Rico, E., Zoller, P., & Montangero, S.
(2016). Real-time dynamics in U (1) lattice gauge theories

with tensor networks. Physical Review X, 6(1), 011023.

[6] Cloeet, 1. C., Dietrich, M. R., Arrington, J., Bazavov, A., Bishof, M.,
Freese, A., ... & Zohar, E. (2019). Opportunities for
nuclear physics & quantum information science.
arXiv:1903.05453.

[7] Yang, M. F. (2005). Reexamination of entanglement and the quantum
phase transition. Physical Review A, 71(3), 030302.

arXiv preprint

110

—r.a)st\.\;-jzj\,U ;y,-jd}séu Qj)'ﬁ&:g;%ﬁr;a);
35 0 odalin 0(6).)\;-);95,\:.5

6

Entropy

LS
—_—
12  —e— »
—— 1A "
1}
.
as!
s
Tl
.
az

LR} (LR nxs 1

]

Lo el DS 51 Ol 4 (35 slasl o BT i 1 S

Sl 53 L sianl 6l s b S ety pomen 2 IS
oA palie & 15 01y 02 YK 5 dms e DL (55 oS
S sl Cssnl 6l d S Gl Dsie S
Fon e parh A s Sl 52 sl e ()
el O(6) 0,5 51 glalis &5 uS e O

S dons

Glr sl 5l el KK sy o3 bolis opl s
SAS a3 35T b e S om0l 56 IS e
S8 S S on IBM s 0555 dess 1)
-z slaanea s 50 S oS adllas 5 b, sl p ok
Febl o Saenss a5l S AS Gasiie A3 &1 25
1 et Sleatogn 53 IS 50 IS jais gl cbie i



G e o8 olo g Yo 5 14 - 25508 Slale y SO Lo LS cpe e sl dlis

e 50k @IS lakin 55 g0 53158 50 IS 5 (Sus o 5o

2 . 1 -
oA S e
L;/M &/Kj wa)@ &JJ a.&iﬁj}? ¢ &/M Q_}ijaj[ﬁ amjjj ‘u,oJ/L;JJJ/L)ZA)[Mr ]

L;/Mnj).(‘ &Ham‘/)‘ﬁﬁ“a@'bg

0 LS~

- %

22545 A on Gl e 45 o] (S8 oy S oSS (SU o3 ol 0TS ST 3 o 055l 4 BT sla S o S T S
28 oy s s Sl Sl s Ol o 03,8 005 o aslsS Sl oS Ssb 0l Snde Ll Cpslme b liS e ES a5
(ol e st 00,8 asiie ol ] 45,8 )5 adlls 350 ‘;aj.a'/jfuf,gﬁf,.@; bl (s (Sla e > o 53058 U Jlia'/‘i:‘;;/
Ol S B 5 (s (Sl 3 b LT sl (sl Aol UL LS ST K Olsie 4 Ol o [y o8l SAL s gt e ol el S
S aita 35 o e b o b (LIS (Slac sl 3 o s5ilsS U St andlls (sl oo JiSs G Ot 0 St s s T 1 oolizal G5y e

ol lasis ol ol 5o ASE (556 ST bl (s (555 lil O St s 0 5T 45 s oo DL ol ol 0L

T IBEM) e im0y A0 ot o o 58T (St o555 501 648 5o o509

Entanglement and quantum phase transition in Ba Transitional Nuclei

Ghapanvari, Maryam?; Amiri, Narjes?
tAtomic Energy Organization, Research Institute for Nuclear Science and Technology, Institute of Plasma Physics and Nuclear Fusion
2 Tabriz University, Faculty of Physics, Nuclear Group,

Abstract

In this paper, one of the most interesting features of quantum theory is quantum entanglement. Quantum
entanglement is a physical phenomenon that occurs when a group of particles interact, or share spatial
proximity such that the quantum state of each particle of the group cannot be described independent of the state
of the others. Recently, quantum phase transition in nuclear systems is studied via quantum entanglement. An
order parameter has to be introduced for characterizing the properties of the system. Quantum entanglement
can be considered as one of main candidates for the order parameter in nuclear systems. This presentation is
focused on utilizing the entanglement entropy as a suitable signal for the study of quantum phase transition in
the Ba odd-A transitional isotopes. The results indicate that entanglement entropy is a potent tool for identifying

shape phase transitions in these isotopes.

Keywords: Quantum phase transition, quantum entanglement, boson-fermion interaction model (IBFM),

entropy.
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Correlation dynamics of a qubit system interacting with a qutrit spin chain

environment.

Kazemi Hasanvand, Fazlollah?

! Department, Ayatollah Ozma Borujerdi University, Borujerd

Abstract

In this paper we study the correlation dynamics of a non-interacting two-qubit system which is embedded in a qutrit
environment with a constant magnetic field. We consider a bell state as an initial state of the system and its correlation

dynamics is studied in the mentioned environment.
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Detection of Extreme Quantum Channels, using Neural Networks

Masteri Farahani, Mohammad Mahdi!; Memarzadeh, Laleh?!

! Department of Physics, Sharif University of Technology, Tehran
Abstract

The full characterization of the set of quantum channels, in arbitrary dimension is still unknown. Since, the set of
gunatum channels is a convex set, finding the extreme points is equivalent to constructing the whole set. But, in
d > 2 dimensional Hilbert space we don’t know the extreme points. Detecting that a given channel is extreme or
not is equivalent to solving a system of linear equations, that its number increasing with order d2. In this work,
we intend to detect extreme qubit and qutrit and non-extreme channels, using machine learning methods, specially
neural networks, and discuss about the role of data, using for learning, in machine performance .

Keywords: Extreme quantum channels, Machine learning, Neural networks
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Measuring small longitudinal phase shifts in the direction of beam propagation using

weak measurement with a real weak value
Shadi mohammadi

Department of Physics, sharif University of thechnology, Tehran

Abstract
Obtaining the phase shift in the propagation direction of a beam that is transmitted through various mediums such as free
space, fiber, etc., is usually done using the interferometric method. However, recent articles have shown that this phase
shift can be obtained using weak measurement, which offers significantly higher measurement precision compared to the
conventional interferometric method. In this article, we utilize weak measurement with a real weak value to measure the
phase shift between the vertical and horizontal polarizations of the photon.

Keywords. weak measurement- interferometry
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Optimizing quantum state and entanglement transfer through XY spin chains with local

magnetic fields
Zare, Mohammadnabi!; Memarzadeh, Laleh! ; Langari, Abdollah?

! Department of Physics, Sharif University of Technology, Tehran
Abstract

An extensive study has been done on spin chains for quantum information transfer. In this article, we investigate
guantum state and entanglement transfer through a spin-1/2 XY chain with local magnetic fields. The optimized
value of magnetic fields and also the optimized transfer time have been computed numerically up to the chain
length N=20. The numerical data has been fed to a machine-learning algorithm to get the optimized values of
magnetic fields and transfer time for chains up to N=50. Our results show that the local magnetic field increases
the entanglement transfer of an entangled pair in the chain and the fidelity between the transferred and expected
states.

Keywords: spin chain, guantum state transfer, entanglement, optimization, machine learning
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Dynamical control of quantum Fisher information of two-qubit system by classical field
in a leaky cavity

Negar, Nikdel Yousefi !; Mortezapour, Ali 2

12 Department of Physics, University of Guilan, Raht,

Abstract

In this paper, we consider a schematic of a two-qubit system in a leaky cavity. So that each qubit interacts
separately with a classical field. We show that applying and manipulating of the intensity of the classical field
can affect the control of the dynamics of the quantum Fisher information encoded in the initial state of qubits.
While increasing the classical field, it is possible to achieve the desired quantum precision.

Keywords: leaky cavity-qguantum Fisher information-qubit
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Study the effects of environmental parameters on quantum speed limit time in open
quantum systems

Y. Shahri!; M. Hadipour? S. Haddadi?; H. Dolatkhah?®
S. Haseli?

! Department of Physics ,Urmia university of technology
2 Department of Physics, Semnan university
3 Department of Physics, University of Kurdistan

Abstract
In this work we study the quantum speed limit time for open quantum systems and investigate the effects of
environmental parameter on it. Here, we consider a model in which a two level system (atom) located in high -Q
cavity and interacts with it. It will be shown that the memory effects can lead to quantum speed-up. It will also be
shown that the in resonance case where the transition frequency of atom equal to centeral frequency of cavity the
qguantum speed limit time is longer than off- resonance case.
Keywords: quantum speed limit time, open quantum systems, memory effects
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Computational deficiency for two important computational geometry problems in quantum computing
Hashemian Meymandi, Sajjad!

! Department of Mathematics and Computer, Shahid Bahonar University, Kerman

Abstract

In this paper, we investigate nearest neighbor and Voronoi diagrams in computational geometry and show that there is no quantum

supremacy for this matter. Using adversarial lower bounds, we prove that no representation improved quantum algorithm can solve this

problem. For this purpose, a reduction to Hamming weight is provided.

Keywords. Computational geometry, Computational Complexity, Quantum Supremacy.
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