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Superconducting quantum computing; Trapped ion quantum computer; Molecular magnet; Nuclear magnetic resonance quantum computer;

Neutral atoms in optical lattices; Nonlinear optical quantum computer; Linear optical quantum computer; Quantum microprocessor based on laser photonics;

Fullerene-based electron spin resonance quantum computer; Solid-state nuclear magnetic resonance Kane quantum computer;

Electrons-on-helium quantum computer; Quantum dot computer, spin-based; Quantum dot computer, spatial-based; Cavity quantum electrodynamics;

Quantum computing using engineered quantum wells; Vibrational quantum computer; Rare-earth-metal-ion-doped inorganic crystal based quantum computer;

pramonhased auamm sompues
Bose-Einstei d te-based tu ter;
ose-tinstein condensale-baset quantiiiin cotmputet, The time for which a system remains The time it takes to perform
Transistor-based quantum computer; quantum-mechanically coherent elementary unitary transformations
Metallic-like carbon nanospheres-based quantum computer. \ ba
KBaHTOBas IIaMATh / quantum memory Systam T 0 Top: nop Nop = TQ fq—op
KBAaHTOBOC XpaHUJIUIIC / quantum storage NUClear Spin 1{]_2 - 10}; 10_3 o 10_6 105 - 10]4
KBaHTOBas 0a3a gaHHBIX / quantum database Electron spin 10—3 10—? 104
quantum computing hardware Ton trap (Iﬂ+) 10—] 10~ 14 1013
KpUoreHHble ycnoBus Himke —200°C Flectron — Au 108 10— 14 106
superposition, memory-memory entanglement Flectron — GaAs 10— 10 1013 103
(atom-photon entanglement, physically separated _ _
by 12.5 km) Quantum dot 10-° 10~° 10°
3 : -5 —14 9
Scaling to larger systems gives rise to new Opthal cavity 10 10 10
materials problems. Microwave cavity | 10° 10— 10*




Materials challenges and opportunities for quantum computing hardware
Nathalie P. De Leon et al. SCIENCE 2021. Vol 372, Issue 6539. DOI: 10.1126/science.abb2823

Five quantum computing hardware platforms and associated sources of noise.

Platform

Where the quantum
information is stored

Known sources of noise

Bulk materials

Surfaces and interfaces

Superconducting qubits

Gate-defined quantum dots

Color centers

lontraps

Majorana zero modes

Energy eigenstates of
Josephson junction-based
electronic resonant circuits

Spin states of electronsor

holes confined in electrostatic
potential

Electronic orbital and spin =~

states

» Substrate dielectric loss

» Excess quasiparticles in
superconducting metal cause
dissipation and dephasing

» High mobility required for

individual dot formation
* Nuclear spins limit Tz

« Paramagnetic impuritiesand

nuclear spins limit T,
= Extended defects lead to
strain and fimit T,"

Electronic transitions within
individual atornic ions

Non-Abelian topological phase

of Majorana zero modes

Defect density in nanowires |

(Not a significant noise source)

* Uncontrolled axides and
contaminants host two-level
systems, causing dissipation and
dephasing

= Surface spins and charges
cause flux noise and charge
noise, respectively

- Charge traps and magnetic
impurities at the dielectric
interfaces

» |nterface inhomogeneity:
Variation in valley splitting and
spin-orbit coupling

Dangling bonds and electron

traps at the surface affect T,
and optical coherence for
shallow NV centers
Electric-field noise heats ion
motion
Semiconductor-superconductor

nanowire interface that creates a

proximity hard gap



__Superconducting circuits ; ' j Color centers Materials challenges and opportunities
= o ; :

for quantum computing hardware
Nathalie P. De Leon et al.
SCIENCE 2021

Vol 372, Issue 6539

DOI: 10.1126/science.abb2823

IBM superconducting qubit processor
(Josephson junction)

semiconductor quantum dots

color centers in diamond (atomistic model
of defects)

surface-electrode ion trap

hybrid semiconductor/superconductor,
superconducting Al /amomunwnii/ shell (blue)
on a faceted semiconducting InAs /apcennn
uHUs1/ nanowire (orange)



APXHMTEKTypa KBAHTOBOI0 KOMIIbIOTEPA Classical Computer
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Quantum-Classical physical/logical

interface

Quantum chipset

Quantum plane Zeguendry A., Jarir Z., Quafafou M. Quantum
Machine Learning: A Review and Case Studies.
Entropy. 2023; 25(2):287.

BE \icrosoft https://doi.org/10.3390/¢25020287

Microsoft Research Blog



Paradigm shift from Oﬂiﬁlﬂgy@f
value-driven symptoms and
strategy is observed diseases is presente

Current problems of Complicacy, Data Lake's

digital epidemiology uncertainty, aim and functions

is described multidimensionality, as data management
and disconnection engine is described
of epidemic data
is shown

The review of
existed papers about
quantum approaches
and epidemiology or
infectious diseases
was made
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Related bifurcation of
gain / loss prevalence
at exceptional point
can be compared with
estimation of the best
and worst scenarios




Quantum Data Lake

KBaHTOBOE 03€pO JTAHHBIX

=

Decision support

———

Virtualization, Value, Analytics

—

Classical processar,

electronic reading ___ |

Measurement

Quantum Models, Fracials

Quantum tools

———

‘QPUs, quantum computing,
guantum registers

Storage: qubits, quantum
database, QQL

Storage: Raw Big Data,
_Hadoop Distributed File Sysiem

W¢UUUUUUU

| | NOT gate or
Pauli X gate,
acts on a single-qubit,
mmmuﬁm
Controlled-NOT
(CNOT gate) or

The values received by the guantum gates
(physical systems acting on the quantum registers)
are translated to digital values and sent to classical computer
Measurement

W/ PT symmetry

kf’ Quantum Complex-Valued Wavelet Neural Network
w: Wavelet transformation mapped to @ MERA

w Multi-scale entanglement renormalization ansatz
w' Projected Entangled Pair State (PEPS)

¥ Matrix Product State (MPS)

INSERT

RESTORE ' UPDATE
SELECT

A
BACKUP DELETE

Classical data input — encoding, transformation to quantum data

P

o

Pauli rotation

{
around the axis

Controlled-NOT gate

(CNOT gate) or CX gate,

acts on a pair of qubits

(control and target)

H acts on a single-qubit,

rotates the states about
the X+Z axis

KonecHuueHko O.10. / Kolesnichenko Olga 2023



dyHAaMeHTa/IbHbl€ CHAMMETPUHU B PU3HUKE:

Charge conjugation, Parity transformation, and Time reversal symmetry
C-CI/IMMETpI/IH: CME€HAa 3HdKa 3apdaad C HaCTHUllbl Ha dHTU4YAdCTULY

P-cuMmMeTpus: ofHOBpeMeHHas MHBepCUs (IOBOPOT) MOJIOKEHHUS B
NPOCTPAHCTBE TPeX KOOPAUHAT

T-cumMmeTpusi: TeOpeTUYECKHUH 0OPATHBIN X0/, BpEMEHU

Parity transformation Time reversal

P: (X' Y, z, t) - ('X' Y, -2, t) T: (X, V, Z, t) - (X, Y, Z, -t)
Coordinates r (X, y, z) H(p,r,t) = H* (-p, 1, -t)
H(p,rt)=H*(-p, -1 1)
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PT-cummerpus

Space-time reflection symmetry
CruMMeTpHUs B KOMIJIEKCHOM cdepe,
OJHOBPEMEHHO OTpaXKeHHe B IPOCTPAHCTBE U BPEMEHU.
Brniepsrbie onvcaHa Bender C.M. u Boettcher S. B 1998 roay.

Square-root singularities niu
exceptional point (Bender-Wu singularities) in the complex-g plane, rae
g — KOHCTaHTA, CBA3bIBAIOIAs [JBA SHEPreTUYECKHUX COCTOSIHUA [aMUIbTOHUAHA:
COCTOSIHUE a Y COCTOSIHUE b (3HEPTHS HEe JUCKPETHA).
. a g
H (onmepaTop MoJIHOM 3HEPTUU CUCTEMBI) = (g b)

H (p,r, t) = H* (p, -1, -t)
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‘O6men HEPTHe .
PaBnoBecue / Equilibrium
<\ unbroken PT-symmetry

PT-cummerpus

Parity transformation — 3epkajibHOE OTpaXe€HHUE.
Time reversal — oOpaTHbIil X011 BpeMEHU B pa3BUTUU (IBOJIIOLIMK ) CUCTEMBI.
OOHOBpPEMEHHOE 3€pKAIbHOE OTPAXKEHUE U OOPATHBIN X0 BPEMEHU ITPU HEU3MEHHOCTH BCEX YACTEW CUCTEMBI

COOTBCTCTBYCT CHUMMETPUMN.
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A M0oA KOpOHa rae?

Her paBHOBecHs
Nonequilibrium
broken PT-symmetry

Ecnu paBHOBECHE HapylIaeTcs

\ Gain ¢(e— ’ ) | 0SS

Her oOMmena sHepruen S

ge Bripoxxaenue (degeneracy)
Exceptional point
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Carl Bender

Tneoretical Physics Colloguium

Parity-Time (PT) Symmetry

o Theoretical-Physics-Colloguium

[ e

Couple the boxes

s

-H-H"""-\-\.

a+ib g
g a-—ib

Hcoup]cd — [

Box 1: Gain L -~

Box 2: Loss

This Hamiltonian is not Hermitian but it is 7 symmetric

|

Two noninteracting closed boxes, one with gain, the
other with loss:

[l

a+ib 0

Hcom ined = :
R [ 0 a-—1ib

T

Box 2: Loss

Box 1: Gain

This system is not in equilibrium

|




in the PT-symmetric region (blue).

real numbers with opposite signs.

7 Naghiloo, M.; Abbasi,
a M.; Joglekar, Y.N.;

iz Murch, K.W. Quantum
state tomography across
the exceptional point in
a single dissipative
qubit. Nature Physics
2019, 15, 1232—1236.
https://doi.org/10.1038/s
41567-019-0652-z

Unbroken

Non-orthogonality of eigenstates in the vicinity of the EP. The
eigenstates in the broken (unbroken) region lie in the Y-Z (X-Y)
plane (Bloch spheres). The calculated angles for the eigenstates
in the broken (a) and unbroken (b) regions.

The arrows represent the eigenvectors.
PT -symmetry is unbroken. The eigenmomenta are a pair of

Evolution of the quantum state in the Bloch sphere
for parameters in the PT-broken region (orange) and

At the exceptional point the eigenmomenta are coalescing to 0.
PT -symmetry is broken. The eigenmomenta are a pair of
purely imaginary numbers with opposite signs.

L) L)
=) =)

iy |+‘f/:

4R IR)

|w|>m -
PT-symmetry : .
Unbroken Exceptional Point

| 2
IR}

|w]<m
PT-symmetry
Broken

Song, X.; Murch, K. Parity-time symmetric holographic principle. Preprint arXiv 2022,

2210.01128vl1. https://doi.org/10.48550/arXiv.2210.01128
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PT symmetry and phase transition in
photonics. Schematics of the optical
potential and its realization using two
coupled waveguides.

Schematic transition in the eigenvalues
from purely real (exact PT symmetry) to
purely imaginary (broken PT symmetry)
in an active balanced system.

Krasnok, A.; Nefedkin, N.; Ala, A.
Parity-Time Symmetry and Exceptional
points: A Tutorial. Preprint arXiv 2021,
2103.08135v1. https://doi.org/10.48550/
arXiv.2103.08135

El-Ganainy, R.; Makris, K.G.;
Khajavikhan, M.; Musslimani, Z.H.;
Rotter, S.; Christodoulides D.N. Non-
Hermitian physics and PT symmetry.
Nature Physics 2018, 14, 11—19.
Gain to coupling ratio (g/x) https://doi.org/10.1038/nphys4323

Feng, L.; El-Ganainy, R.; Ge, L. Non-Hermitian
photonics based on parity—time symmetry. Nature
Photonics 2017, 11, 752—762.
https://doi.org/10.1038/s41566-017-0031-1

PT exact phase. The two eigenmodes are distributed over both sites and neither of them
experiences a net gain or loss that is, they remain neutral.

PT-broken phase. The symmetry of each mode is broken such that one of them resides mostly in
the gain cavity (and hence enjoys amplification) while the other one inhabits the lossy resonator
(experiences attenuation).

Exact PT Broken PT
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PT-symmetric system of two coupled
waveguides (top) with gain (red) and
loss (blue), and the corresponding
eigenvalues (bottom) versus the gain-
loss contrast. Transition in the
eigenvalues from purely real (exact
PT symmetry) to purely imaginary
(broken PT symmetry).

Miri, M.-A.; Alu, A. Exceptional
points in optics and photonics.
Science 2019, 363 (6422).
https://doi.org/10.1126/science.aa
r7709



Initialization! ! Readout Schematic of quantum simulation linking to the entropy dynamics
. ! Poo ~
0)a -Hy{g) .' Evolution [T | Py, 10)g — 1 2 10)q 10)q
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| + : Construction
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ug Us }_ 5 Figure 6. Schematic of quantum simulation to measure the entropy dynamics.
Fig. 1 Demonstration of P7 -symmetry breaking for a single-qubit. Zheng, C.; L1, D. Distinguish between typical non-Hermitian quantum systems by entropy
dynamics. Scientific Reports 2022, 12, 2824. https://doi.org/10.1038/s41598-022-06808-1

Dogra, S.; Melnikov, A.A.; Paraoanu, G.S. Quantum
simulation of parity—time symmetry breaking with a

superconducting quantum processor. Communications Physics
2021, 4, 26. https://doi.org/10.1038/s42005-021-00534-2
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Gao, W.-C.; Zheng, C.; Liu, L.; Wang, T.-J.; Wang, C.
Experimental simulation of the parity-time symmetric Fig. 1. Quantum circuit for a 7 -symmetric two-level operator.
dynamics using photonic qubits. Optics Express 2021,
29 (1), 517—526. https://doi.org/10.1364/OE.405815




Zheng, C.; Hao, L.; Long G.L. Observation of a fast evolution in a
parity-time-symmetric system. Philosophical Transactions of the
Royal Society A: Mathematical, Physical and Engineering Sciences
2013, 371 (1989), 20120053. https://doi.org/10.1098/rsta.2012.0053
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Figure 1. Quantum dircuit for a 7 -symmetric system.
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Figure 1. (a) The circuit for simulating a non-Hermitian system on quantum computers.
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Figure 4. The circuit for simulating a N-qubits non-Hermitian system.

Zhang, G.-L.; Liu, D.; Yung, M.-H. Observation of exceptional point in a
PT broken non-Hermitian system simulated using a quantum circuit.
Scientific Reports 2021, 11, 13795. https://doi.org/10.1038/s41598-021-
93192-x
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JlaHHBIE B AU EMHOJIOTUHA

Dynamics over time
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Simplexvirus
Varicellovirus
Cytomegalovirus
Roseolovirus
Lymphocryptovirus
Rhadinovirus
Alphapolyomavirus
Betapolyomavirus
Deltapolyomavirus
Alphapapillomavirus
Betapapillomavirus

Gammapapillomavirus

Mupapillomavirus
Nupapillomavirus
Bocaparvovirus
Dependoparvovirus
Erythroparvovirus
Protoparvovirus
Tetraparvovirus
Circovirus
Cyclovirus
Orthohepadnavirus
Molluscipoxvirus
Orthopoxvirus
Parapoxvirus
Yatapoxvirus
Mastadenovirus
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B./l. benskos, “O0mue 3akOHOMEPHOCTH (PYHKIIMOHUPOBAHUS
napasuTapHbIX cUCTEeM (MeXaHu3MbI camoperyisiuuun)”, Ilapazuronorus,
T. XX, Ne 4, C. 246-255, 1986.
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