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Testing the operation of the QAOA algorithm on the
quantum testbed of the HybriLIT platform

Tuesday, 28 May 2024 09:50 (20 minutes)

A simulation of the operation of the quantum approximation optimization algorithm (QAOA) on
the Cirq quantum computing simulator installed on the HybriLIT quantum polygon platform has
been carried out. The problem of finding the state with the lowest energy in the Ising model with
a longitudinal magnetic field for two- and three-dimensional lattices of various sizes was solved.
Optimization of the parameters of the variational ansatz was carried out using both gradient and
gradient-free methods. The optimization results derived by various methods were compared for
a number of parameters. In the course of the work, quantum circuits with a register of up to 30
qubits were investigated.

Primary author: Dr PALII Yuri (Division of Computational Physics, MLIT, JINR)
Co-author: Dr BOGOLUBSKAYA, Alla (JINR)

Presenter: Dr PALIL Yuri (Division of Computational Physics, MLIT, JINR)
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Measure of entanglement production by quantum
operations

Tuesday, 28 May 2024 11:20 (20 minutes)

V.I. Yukalov and E.P. Yukalova

Joint Institute for Nuclear Research

A measure of entanglement production by quantum operations is introduced. The suggested mea-
sure is general, being valid for operations over pure states as well as over mixed states, for equilib-
rium as well as for nonequilibrium processes. The measure of entanglement production satisfies
all properties typical of such a characteristic. Systems of arbitrary nature can be treated, described
by field operators, spin operators, or any other operators, which is realized by defining generalized
correlation matrices. The interplay

between entanglement production and order indices in quantum systems is analyzed. Particular
cases of entanglement production are discussed.

Primary author: Prof. YUKALOV, Vyacheslav (JINR)
Co-author: Dr YUKALOVA, Elizaveta (JINR)

Presenter: Prof. YUKALOV, Vyacheslav (JINR)
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Grover-Diffusion operator unicity for the Grover
quantum-search algorithm

Tuesday, 28 May 2024 12:20 (20 minutes)
The repetition of Grover-diffusion operator the order of VN times is the essence of the Grover quan-
tum selection algorithm. We explore what other operators could be devised in its place and show

that they either diverge or vanish in the Grover iteration, thus making the known Grover-diffusion

the only possible operator. We present a C++ SU(2) model of the Grover-diffusion operator imple-
mented using our SU2 package.

Primary author: DIMA, Mihai-Tiberiu (JINR - MLIT)
Co-authors: DIMA, Maria (JINR - MLIT); Ms MIHAILESCU, Madalina

Presenter: DIMA, Mihai-Tiberiu (JINR - MLIT)
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Electrostatic ion traps in Triangles

Tuesday, 28 May 2024 15:30 (20 minutes)

In the talk we discuss on the equilibrium points (critical points) of the electrostatic (Coulomb)
potential of three mutually repelling point charges placed at fixed points. This topics are closely
related to the Maxwell conjecture for three point charges and linear electrostatic ion traps.

We show that the incenter of an isosceles triangle is a stable equilibrium point of the electrostatic
potential of certain point charges placed at its vertices. To this end, explicit formulas for these
charges are given and the hessian of their electrostatic potential is computed. The behaviour of this
hessian in a family of triangles with the given inscribed and circumscribed circles is investigated
and its extremal values are computed. As an application we prove that each point in the unit disc
is a stable equilibrium point of a certain triple of point charges on its boundary, which yields an
explicit scenario of robust electrostatic control in Euclidean discs.

The talk are based on the joint works [1] and [2] with G.Khimshiashvili.

Acknowledgments. The research supported by GNSF as part of grant No. FR22-354, titled “Problem
of factorization and invariants of holomorphic bundles on Riemann surfaces.”

References

[1] Giorgadze G. and Khimshiashvili G. Incenter of triangle as a stationary point. Georgian Math-
ematical Journal, vol. 29, no. 4, 2022, pp. 515-525. https://doi.org/10.1515/gmj-2022-2155
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Evading Quantum Mechanics a la Sudarshan:
quantum-mechanics-free subsystem as a realization
of Koopman-von Neumann mechanics

Tuesday, 28 May 2024 14:30 (20 minutes)

Tsang and Caves suggested the idea of a quantum-mechanics-free subsystem in 2012. We contend
that Sudarshan’s viewpoint on Koopman-von Neumann mechanics is realized in the quantum-
mechanics-free subsystem. Since quantum-mechanics-free subsystems are being experimentally
realized, Koopman-von Neumann mechanics is essentially transformed into an engineering sci-
ence.

Primary author: Dr SILAGADZE, Zurab (Budker Institute of Nuclear Physics)

Presenter: Dr SILAGADZE, Zurab (Budker Institute of Nuclear Physics)
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CumynsaTopbl KBAHTOBONOAOOHBbIX BbIUMCIEHUN Ha
OCHOBe pacnpepaeneHHbIX PU3NUECKNX CUCTEM

Monday, 27 May 2024 12:10 (20 minutes)

B Hacrostee BpeMs pusnueckoe yCKOpeHme 06paboTky nHGOpMaLNY eCTh BOKHeIIIee HallpaBIeHIe
JICCIIeOBAHMIL B KBAHTOBOII (puI3IKe, MaTeMaTIKe, a TakKe MHPOPMALMOHHBIX HayKax, HallpaBJIeHHOe
Ha pellleHue Ipo0eMbl OOTBIINX TaHHBIX. Y HUBepCcaIbHbIe KBAHTOBbIE KOMIIBIOTEPHI IIPECTABIIIIOT
co0071 OVH, HO He eJVIHCTBEHHBII ITyTh pellleHNs 9TO IIpobiieMbl. TeHIeHIMY pa3BUTISI COBPEMEHHBIX
KBaHTOBBIX ,a TaKKe (POTOHHBIX TeXHOJIOTMIT II03BOJIAIOT BHIAEINTDH LIENbIl KJIAcC CUCTEM: T.H.,
mainus! M3unra (M) —kBaHToBbI€, GudYypKAMOHHBIE, IU(PPOBBIE, U IIP., KOTOPbIE TO3BOJISLIOT
¢busuuecku yckoputs perrerue psaa NP-tpynubix sagau Kapma [1]. YckopeHue B Taknx cucreMax

He HOCUT pu3nyecku QyHIaMeHTAIbHOTO XapaKTepa, OAHAKO, OKa3bIBaeTCsI BeChMa 3¢ GeKTNBHBIM
IUIA pellleHNs IPaKTUUeCKMX 3aau ONITUMM3aLuy B OM3Hece, 5SKOHOMMKe I puHaHcax. B mokiange
cresaH 0030p TaKMX CUMYJIATOPOB M BBISIBJICHA MX CBS3b C MMEIOIIMIMIICS aHAJIOTaM¥ KBAHTOBBIX
BBIUVICIIUTEIEN Ha OCHOBE KBAHTOBOTO OTk1ra. Ocoboe MeCTo B OKIALE YAeIEeHO O TMU3ALIN
rpadoBOIl apXUTEKTYphl pacCMaTpMBaeMbIX cucTeM. HamMmu HemaBHO IIpe[JIOXKEH IBYMepHBII
MaTepua, B OCHOBE KOTOPOTO JIEXKNT CII0KHBII rpad, pedpaMiu KOTOPOTO SIBIISIOTCS CBETOIPOBOASIIINIE
KaHaJIbl, a B y3JIaX IIOMeIIleHb] {BYXYPOBHEBbIE CUCTEMBbI (ATOMBI, KBAaHTOBBIE TOUKM, 1 T.A.) [2].
IToxasaHo, YTO TaKas CUCTEMa, I10-CyTH, IIpeacTaBisieT u3 cebs MU, o6namarolieii JOIOTHITEIbHBIM
BBIUTPBIIIIEM II0 9Hepruu 61aronaps BeIO0py rpad0Boil apXUTEKTyphl MaTepuaia. B aToii cBsi3n
mcceoBaHbI (pa3oBble IIepeXobl K JIa3epHOII FeHepaliy, a TAaK)Ke CBEPXU3IIyUeHIIO B pacCMaTpMBaeMOii
ctpykrype [2,3]. IlokazaHo, UTO B 3aBUCUMOCTH OT TOIIOJIOTUY Ipada (cpegHel CBI3HOCTH Y3IIOB),
(a30BBII epexo,] MOXKeT HabJII0AaThCS TP MaJIbIX 3HAUEHVSIX OIITUYEeCKOI HaKauKM, IIPaKTIUECKI
Oe3 uHBepcuM HaceJIeHHOCTell. PU3MUeCKH TaKoe IOBeJeHIe MOXKeT 6bITh 000CHOBAHO TAKKe CO
cnerdukoi Gyxnanmit oToHOB Ha rpade MaTepuana B BUE CIOXKHOM ceTn [4].

Pa6oTa BEITIONTHEHA TIpU TTOIep ke rpanTa Poccuitckoro Hayunoro dhouma 23-22-00058 “KorepenTHbie
3¢ QeKThI B [ByXMePHBIX KBAHTOBBIX MaTepMaiax ¢ MHTepdeiicoM CI0KHBIX ceTeit .

[1] N. Mohseni, P. L. McMahon, and T. Byrnes, Ising machines as hardware solvers of combinato-

rial optimization problems. Nat. Rev Phys. 2022, 4, 363.

[2] A. Yu. Bazhenov, M. Nikitina, and A. P. Alodjants, High temperature superradiant phase tran-
sition in quantum structures with a complex network interface, Opt. Lett. 2022, 47, 3119.

[3] AIO. Basxkernos, M.M. Hukuruna, [1.B. Ilapés, A.Il. Anomxkann, CayyaiiHbli 1azep Ha OCHOBE
MaTepuajoB B BUJe CJIOKHBIX CeTeBBIX CTPYKTYDp, IIncbma B JKIOTD, 2023, 117, 819.

[4] Alexey Melnikov, M. Kordzanganeh, A. Alodjants & Ray- Kuang Lee, Quantum machine learn-

ing: from physics to software engineering, Advances in Physics: X 2023, 8, 2165452.
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KBaHTOBbIE NpoToKonbl Ha 6a3e HIT cocTosiHmii
onpeneneHHON YeTHOCTHU

Monday, 27 May 2024 16:00 (20 minutes)

KBaHTOBBIE POTOKOJIBI C COCTOSHUSAMI C HellpepbiBHOI tepemennoit (HII) —ocHoBa nanbHeitero
Pa3BUTHS ONTMUECKOI IIaTGOPMBI KBAHTOBBIX TEXHOJOINMII. MBI mpencraBiseM 0630p HOBBIX
HarnpasieHnii pa3suTust HIT onTuueckux KBAHTOBBIX TEXHOJIOTHI Ha 6a3e 0JHO-MOZOBOTO CXKATOTO
BaxyymHoro (OMCB) cocrosHMs, KOTOpPOe yKe JOCTATOYHO PYTUHHO Pean3yeTcs B PasIMIHbIX
JmabopaTopmsx 110 BceMy MUpPY. B 0OCHOBY peanmsariu pasiuuHbIX IPOTOKOJIOB II0JI0XKEHBI CTAHJAPTHHIE
mauunyasnyy OMCB cocToSHMSIMY MeTOaMM JIMHETHOM KBAHTOBOI OIITUKM C ITIOCIeAYIOIIIM
M3MepeHNeM uncia GOTOHOB BO BCIIOMOTATeIbHBIX MOAX. YCIEIITHOE YCOBEPIIEHCTBOBaHE B
IocjIelHee BpeMs TeXHOJIOT MY paspelleHus Yyciia pOTOHOB II03BOJIIET peal30BaTh Ha IPaKTUKE
HoBble ceMericTBa HII cocTossHIIT oITpeeIeHHO YeTHOCT), KOTOPbIe OIpe e IAI0TC HAaUaIbHBIM
COCTOSTHIEM Ha BXOJ(€ B OIITUUECKYI0 cXxeMy. B paccmarpuBaeMom HaMu Toaxofe GOTOH-paspelaoie
JIeTEKTOPBI BBICTYIIAIOT KaK CPEICTBO yIIPaBJI€HN ITI0CT-M3MEPUTEIbHBIMI COCTOSHUAMMN CJIOKHBIX
MHOT'0-MOOOBBIX 3allyTAaHHBIX COCTOSHII, peayIN3yeMBbIX IIPU IIPOX0KAE€HIY HadaJIbHBIX COCTOIHUI
uepes CUCTEMY CBeToHeuTesell. Mpl IoKasbIBaeM IIOTEHIMA JAHHBIX 3MEPUTEIbHO-MHAYIMIPOBAHHBIX
cemerictB HII cocTosHMIT B ONTMYECKOII KBAHTOBOI MH)XEHEPUM OITIUYECKNUX COCTOSHUII KOTa
Mpenuurepa (KIII), orrTuueckoit KBAHTOBOI METPOJIOTIM, & TAKXKE IPU PeaTu3alny KBAHTOBOTO
BBIUVICIUTEIS aHAIUTIYUECKNX (QYHKIVI II0 BBIXOQHOI N3MePEeHHOI cTaTucTuKe GoToHOB. Tak,

MBI pa3BJBaeM ONITHYECKNII IIPOTOKOJI, KOTOPBII I103BoJIsAeT peann3oBaTh ontuueckoe KIII cocrosnme
¢ aMIUIMTYHOI 12,5 (UTO COOTBETCTBYeT CpeHeMy UMCIYy GOTOHOB 156) ¢ TouHOCTBIO >0,99. B
cJIy4ae MCII0JIb30BaHMA M3MepUTeIbHO-MHAypoBaHHoro HII cocTosHIA COBMECTHO ¢ KOT€PEHTHBIM
COCTOSIHMEM [JIsI OLIeHMBAaHNA HeM3BeCTHOTo Habera ¢asel Ha BbIxome MHTepdepomerpa Maxa-
[lengepa o6HAPYKEHO yBeIUUYeHNE [IPeIeTbHOI UyBCTBUTENIBHOCTY OLEHUBAHMS GOJIBIIIE UeM

Ha 10 JI6 o cpaBHeHMIo ¢ “Knaccuueckoit pa6oroit C.M. Caves (Phys. Rev. D 23, 1693 (1981)) kak

pas B obacTu HeGOIBIINX JIETKO Pealn3yeMbIX Ha IPAKTMKe 3HAUEHMII aMIIUTYObl CXKATUs

<5 "HavagpHoro OMCB cocrostaus. Mnes BrIumMcieHs aHAINTUYECKUX (YHKIMIL 110 BBIXOLHOI
M3MepUTETbHOI CTAaTUCTUKE 6asupyeTca Ha “yMHOM (He ITPOM3BOIBHOM) BEIGOpE MOJT, B KOTOPBIX
IIpOBOANTCS POTOH-paspellIarollee M3MepeHue ¢ ociaeyomuM Habopom cratuctuku. HII cocrosHus
B MOJiaX, KOTOpbIE He IIOJBEPKEHBI I3MEPEHNIO, TAKKE HAIIPAMYIO VICIIOIb3yIOTCS KaK BXOTHBIE

IS CIIe Y OILIElT OIITIYeCKOIT cCXxeMbl (Habopy CBETOeIIITeNIel) IS ITOCIIe Y IOIero BbIUMCIeHIS
($yHKIMIL, HO yXKe IpM APYruMX 3HAUEHMSIX apryMmeHTa. Hekoropble HaGOpbHI aHATUTUUECKUX
GyHKIMIL, KOTOpBIE MOTYT GBITH BHIUNICIIEHBI I10 BBIXOJHOI CTATUCTIKE M3MEePUTEIbHBIX MICXOLOB

B PaCCMOTPEHHBIX OITUYECKIUX CXeMaX, IpeICTaBIeHbI B paboTe.

Primary authors: KUTS, Dmitry (Laboratory of Quantum Information Processing and Quan-
tum Computing, Quantum Engineering Laboratory, South Ural State University (SUSU), Lenin Av. 76,
Chelyabinsk, Russia); Mr PODOSHVEDOV, Mikhail (Laboratory of Quantum Information Processing
and Quantum Computing, Quantum Engineering Laboratory, South Ural State University (SUSU), Lenin
Av. 76, Chelyabinsk, Russia; Kazan Quantum Center, Kazan National Research Technical University
named after A.N. Tupolev, Kazan, Russia); Prof. PODOSHVEDOV, Sergey (Laboratory of Quantum
Information Processing and Quantum Computing, Quantum Engineering Laboratory, South Ural State
University (SUSU), Lenin Av. 76, Chelyabinsk, Russia); KULIK, Sergey (Quantum Technology Center of
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Lomonosov Moscow State University, Leninskie Gory 1, build. 35, Moscow, 119991, Russia; Quantum
Engineering Laboratory, South Ural State University (SUSU), Lenin Av. 76, Chelyabinsk, Russia)
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Quantum fingerprinting and hashing for
information transfer and database searching

Monday, 27 May 2024 14:40 (20 minutes)
Quantum fingerprinting is a family of quantum functions that began to be used in quantum algo-
rithms in the early 2000s. They map classical objects to quantum states in such a way that different

arguments can be effectively distinguished. To further highlight the additional cryptographic char-
acteristics of quantum fingerprinting, our group uses the name “quantum hashing.”

The talk presents the basic concepts of quantum fingerprinting and hashing, as well as their ex-
perimental implementation. Discusses a) the use of cryptographic signatures in protocols and b)
efficient dictionary search algorithms.

Primary author: ABLAYEYV, Farid (Kazan federal university)

Co-author: Prof. KALACHEYV, Aleksei (Federal Research Center «Kazan Scientific Center of Russian
Academy of Sciences»)

Presenter: ABLAYEV, Farid (Kazan federal university)
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AHI/ISOTPOH Had Mmoae€ellb BSaVIMOﬂeﬁICTBVIﬂ KY6I/ITa C
pe3oHaTopomMm: cunTbiBaHNe, KBaHTOBbI€

Koppensauuu n cnadblil Xaoc

Monday, 27 May 2024 15:00 (20 minutes)

Kax n3BecTHO, KOHEUHAS CTAAVS PACIIPOCTPAHEHISI AMILIUATY bl BEPOATHOCTU B PETUCTPE CBEPXIIPOBOJHIKOBBIX
KyOUTOB 3aKaHUMBAETCS IIPOLIECCOM UBMEPEHMS COCTOSHUIT KyOUTOB, KOTOPBIE CBI3AHBI C PE30HATOPAMU
[1,2]. Hpu arom B3ammopeiicTBIe KyOuTa ¢ U3MEPUTEIHHOI MOMIOIT pe3oHaropa (poroHamm)

MOJKeT OBITh OmMcaHo B paMmKax momenu Pabm [3]. Eciam xoHcTaHTa CBA3M KyOMUTa C IOJIEM

MaJia 10 CpaBHEHUIO C YacToTaMm KyOmra u (OTOHHOI MOMBI, TO CIPaBEeMJINBO IPUOIIDKEHIe
BpALLAIOLLENICSA BOJHBI, IIO3BOJISIOIIEE HAWMTU TOUHO CIEKTP UM BOJHOBYIO (PYHKLIMIO CHUCTEMBI:

3a/1aya CBOJMTCS K TOUHO peraemoit momenu [xeitnca-Kammuurca ([-K) [4], korna B cucreme
IIOSIBIISIETCS. OTIOJIHUTENBHBIN MHTETPAJ IBVDKEHNUS (HeIpepbIBHAs CUMMETPYSI), OTBEUAIOLI{IIT

3a COXpaHEHMe UICiIa BO3OYXKIEHUIT: CIIEKTP COCTOUT U3 Ay0JIeToB, 00YCIOBIEHHBIX CIaboit

CBSI3BI0 MEXIY KyOuToM 1 ocIunisiTopoM. CocTossHMS (GOTOHOB M KYOUTOB OKA3BIBAIOTCS CUIILHO
samyTaHHBIMU (entanglement). Mimenno B pamkax mpubmmskenns [-K ommcbiBaercs mporece
CUMTBIBAHNS COCTOSIHNIL KyO1Ta, KOTOPBI OCHOBAH Ha CIab0M pacllellIeH) yPOBHENI [P B3aXMOIENICTBIII
C PE30HATOPOM. YCIIOBME MAIOCTU PACLIEIIEHNSI 06eCIIEUNBAETCS IAPAMETPOM, PABHBIM OTHOLIEHIIO
KOHCTAHTBI CBSI3Y K PA3HOCTI SHEPruu Kybura 1 pesoHaropa. [ IpUIOKeHMIT BayKEH BOIIPOC

0 CTaOMIIBHOCTHU PabOThI CUUTHIBAIOLIMX YCTPOIICTB, T.€. BOIIPOC 06 OTPAHUUEHUSIX HA KOHCTAHTY

CBSI3U, [PV HAPYIIEHU KOTOPBIX BO3MOKHA XA0TU3ALNS TUOPUIHBIX BO30YKIEHUIT B MOTEII

Pabu.

Mp&I paccmatpuBaeM Gostee OBIIYI0 MOJIEIh B3AMMOENCTBYS TOJISI C MICKYCCTBEHHBIM aTOMOM —
AHU30TPOIHYI0 MOLENb Paby —~BO3HMKAIOIIYIO B TOM CIIyuae, KOTZia CBI3b KyOuTa ¢ pe30HATOPOM
OCYILIECTBIISIETCS OJTHOBPEMEHHO KaK IIOCPEICTBOM €MKOCTH (aHAJIOT 3JIEKTPO-IVITOILHOTO B3aIMO/IEICTBILS),
TaK U II0CPELCTBOM MHAYKTUBHOCTH (AHAJIOT MATHUTO- AUIIOJIBHOTO B3aUMOEICTBYS), T.€. IMEET

MecTo TUbpUaHast CBsA3b. 1IpM TaKOM B3aUMOIECTBUM IOJISL ¢ KYOUTOM B HEM OJHOBPEMEHHO
YUaCTBYIOT 3apsAIOBBIE U IIOTOKOBBIE CTEIIEHY CBOOOBI [Ko3edcoHoBcKo muHun [5]. Heemotpst

Ha TO, UTO B FAMIJIBTOHUAHE aHU3OTPOIHOM MOIEIN C CAaMOTO Hauaja MPUCYTCTBYIOT KOHTP-
BpalllaTeNIbHbIE ClIaraeMble, IIPYU PABHBIX KOHCTAHTAX CBA3UM OHA TOUHO CBOJUTCS K PelIaeMOil

mopenu [I-K. 3yuas moBeieHMe KBAHTOBOII Ay TMHBI (KBAHTOBBIIT aHAJIOT 0ToOpaskeHms [Iyankape)

[P MU3MEHEHUU [TAPAMETPOB CBSA3U, MBI IIPOIEMOHCTPUPOBAIIY IPOLIECC PA3PYLLIEHS MHTErpaia
IOBYDKEHUS, COXPAHSIOIIEr0Cs B CUMMETPUYHOM ciyuae. O6HapyKeHa KOPPeALs B TOBEAEHNI

IUIVHBI JIOKAJIM3AUI MOJ I HUTEI [TayTUHBI, COIPOBOXK/IaeMast pE3KMM BO3pACTAHUEM IJIMHBI
JIOKAIM3AIN, CBUAETEIbCTBYIOIAA 00 00pasoBaHMI KAHAJIOB Ty HHEIMPOBAHNS MEKIY TPYIIIIaMU
COCTOSIHUIT, OTBEYAIOLIMX PA3JIMUHBIM 3HAUEHNUSM Pas3pyLLUAOIIErocs MHTerpaia ABisKkeHns. 13
[IPOBENEHHBIX PACUETORB CIIEAYET, UTO HANIMUE 3HAKOIIepEeMEHHBIX MATPUUHBIX 3JIEMEHTOB CO3/1aeT
«CJIOKHOCTB» B IOBEIEHUU CIIEKTPA IOJyUyaeMbIX MaTPUIl AHU30TPOIHON Momenu. [Ipu stom
CTPYKTypa CIIEKTPa aHI30TPOIIHOI Mozeny Pabu He cireyer cCTaHIapTHOI KIacCU(pUKaLMM CIIyYaiHbIX
MAaTPULL, yCTAHOBIEHHOI [JIs IPOCTEMIINX aHCAaMOJIell MATPULL, B KOTOPBIX HAOIIONAETCS IIEPEXOT

ot pacrnipenenenus [lyaccoHa K pacripeneseHuo Buraepa ¢ poctom HeIMaroHaJIbHbIX 3JIEMEHTOB.

Jl71s1 aHM30TPOITHO MOMENN IIPOCIIEKUBAETCSA CBA3E C MATPULIAMY JPEBOBIIHOI CTPYKTYPHI M
MaTPUIAMY OCLVJLITOPHOTO TUIIA C IUIOTHOI CTPYKTYPOI YPOBHENI (TUIIA PACIIPENEeIeHIIS IPOMEXKYTKOB
MEKIY «LIEKOJIIAMU CTApOro 3a00par).

BaKHBIM BBIBOZIOM U3 IIPOBEIEHHOTO PACCMOTPEHMS MO>KHO CUUTATh 00HAPY>KEHHYIO CTa0MIIBHOCTD
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CHICTEMBI IIPU PABHBIX KOHCTAHTAX CBSI3M, UTO IIO3BOJISIET PACILIVPUTH AUCIIEPCUOHHBIN METOX
M3MepEeHNII COCTOSIHNII KyOUTOB B PEKVUIMeE CUIIBHOI CBSA3IL.

VccemoBaHme ocylecTBIeHO B paMKax IIporpamMmsl pyHIaMeHTATbHBIX uccaemoBannit HUY
BIIS.
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[5] Semenov A.A., Satanin A.M. Generation of Electromagnetic Pulses by an Array of Josephson
Qubits with Hybrid Coupling to a Resonator// Russ Microelectron 52 (Suppl 1), S373-S378 (2023).

Primary author: CATAHNH, A.M. (National Research University Higher School of Economics,
Moscow)

Co-author: JIO30BUK, IO.E. (National Research University Higher School of Economics, Moscow)

Presenter: CATAHUH, A.M. (National Research University Higher School of Economics, Moscow)
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Contribution ID: 18 Type: not specified

Mathematical aspects of QUBO formulations for
particle tracking algorithms

Tuesday, 28 May 2024 12:40 (20 minutes)

SPD (Spin Physics Detector) is a planned future experiment on

the NICA megascience project developed in Dubna. Based on modeling data

of the SPD experiment, this work is the first attempt to use the Hopfield

network approach to formulate a QUBO problem and use simulated annealing

to estimate the feasibility of the future use of quantum annealing to speed up present SPD particle
tracking approaches. In this talk, we will stress several aspects of formulating particle tracking as
QUBO, especially how to implement constraints.

Primary author: BURES, Martin (JINR, LIT)

Co-authors: Prof. OSOSKOV, Gennady (Joint Institute for Nuclear Research); KADOCHNIKOV,
Ivan (JINR)

Presenter: BURES, Martin (JINR, LIT)
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Contribution ID: 19 Type: not specified

MHTennekryanbHoe ynpasieHue B TEXHNYECKUX
cucTtemMax Ha OCHOBe KBAaHTOBOIO ajJiroputma
HeueTKOro BbiBOjJa

Monday, 27 May 2024 17:00 (20 minutes)

Pa6ora mocBsitieHa IpeACcTaBIe HIIO IIPOTPaMMHO-ITOPUTMITUECKOI ITaTPOPMbI MHTEIIIEKTY aJIBHOTO
yIpasieHus (Ha IpyMepe KBaHTOBBIX CAMOOPTaHNU3YIOIIMXCS PETYIIITOPOB B KOHTYpE YIIpaBIeHs)

IUISL PA3JIMYHBIX TEXHIMYECKMX CUCTEM.

OcHOBHOI njeell IpUMeHEeHN MHTEIIEKTYaIbHOTO YIIPaBJIEHNs ABJIIETCS padpaboTka yHIUPUIMPOBAHHOTO
MHCTPYMEHTApU [JI IPOEeKTUPOBAHNSA BCTPaMBa€MbIX CAMOOPTaHU3YIOIMXCA MHTEIEKTYJIbHBIX
KOHTPOJIJIEPOB C I[eJIbI0 ITOBBILIEHNS 3(P(PEKTUBHOCTI 1 HAEKHOCTI ee QYHKIMOHAIBHOCTI I
9KCIuTyaTauuu. 1Ipu 3TOM 06ecreunBaTCs ONTUMAIbHbIE ITApaMeTPhl KAauecTBa YIIPaBIEHMS:
YCTOMUMBOCTD, YIIPABIIAEMOCTD ¥ pOOACTHOCTD IIPY MUHMMAJIBHOJ CJIOXKHOCTY peayin3alin yIIpaBIeHNs.

B maHHOM [OKJIa/e IpecTaBIeHbl MH(POPMAaLMOHHbIE TEXHOIOTUI IPOEKTUPOBAHS MHTEJIEKTY AIbHbBIX
CICTEM yIIpaBJIEHNI Ha OCHOBE HEUETKOI JIOTMIKY, HEMIPOHHBIX CeTell, FeHeTUYECKIX aJIrOPUTMOB

1 KBAaHTOBBIX BbIunciienuit. Ha mpuMepax geiicTBYIOIIMX CUCTEMBI CO BCTPOEHHBIMM CAMOOPTaHU3YOILVIMICS
KBaHTOBBIMI PETYJIITOPAMU PACCMATPIBAETCs ¥ 000CHOBBIBAETCS BEIOpAHHAsI CTPYKTYpa MHTEJUIEKTY aJIbHOT
CHICTEMBI YIIpaBIeHNsI. DKCIIEPUMEHTAIBHO IIPOAEMOHCTPIPOBaHa paboToCIIOCOOHOCTD 11 3 PeKTUBHOCTH
paspaboTaHHOI MHTEUIEKTYaIbHOI CUCTEMBI YIIpaBIeHNI Ha TEXHOJOIMAX KBAHTOBBIX MATKIX
BBIUMCIJICHUIA.

Pe3ynbraTsl MCCiIeIOBAHUIL 11 SKCIIEPVMEHTOB IIOATBEPKIAIOT, UTO Pa3pabOTaHHBII MHCTPYMEHTAPUIL
ABiIseTCs 3¢ PEeKTUBHBIM U II03BOJISIET:

(1) ocy1ecTBUTh IPMHIMIT IPOeKTUpOoBaHus onTuManbHoit UCY ¢ MakCMManbHBIM YpPOBHEM
HaJe>KHOCTI U YIIpaBJIsieMocTH CI0>KHBIM OY B yCIIOBMAX HEOIIpeIeIeHHOCTH MCXOJHOI MHOpMAaIIL;

(2) adPexTnBHO MCIONB3OBATE €r0 IS IUIOXO (POPMAIM30BAHHBIX U CIA00CTPYKTYpUPOBAHHBIX

00BEKTOB YIIpaBIE€HNS, M3BJIeKas 3HAHUS HEITOCPECTBEHHO 13 CUTHAJIOB C PEaIbHOTO (PM3UUECKOTO
o0OBeKTa.

(3) He M3MeHSISI HYKHII YPOBEHD CUCTEMBbI YIIPABJIEHNMS IIOBBICUTE €€ poOaCTHOCTD U 9P PeKTUBHOCTE.

Primary authors: RESHETNIKOV, Andrey (JINR, LIT); KATYJIMH, Muxau (JINR, LIT); YJIbSIHOB,
Cepreit (JINR, LIT)

Presenter: RESHETNIKOV, Andrey (JINR, LIT)
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Contribution ID: 20 Type: not specified

KBaHTOBbIE airopuT™Mbl A1 BbIUMCIUTENbHbIX 3a4au
¢dusuku n xumum B 3noxy NISQ komnbloTepoB.

Tuesday, 28 May 2024 11:40 (20 minutes)

CospaHHbIe K HACTOALIEMY BpeMeHM LV(POBbIe KBAHTOBBIE KOMIIBIOTEPBI OTHOCAT K KIACCY
NISQ (Noisy Intermediate-Scale Quantum) yctpoiicTs. OrpaHn4eHHBbIe 110 YUCIY KyOUTOB, BpeMeHU
KOTEPEHTHOCTH M TOUHOCTI BBIIIOJIHSIEMBIX JIOTMUECKIIX OTIEPALIIl 9TU YCTPOIICTBA, TEM He MEHee,
HAXOMAT IPUMeHEeHE I YICIEHHOT0 aHaIN3a PACTYIEero KPyra MOAENbHBIX BBIUMCINTETBHbBIX
3aau (pM3UKM 1 KBAHTOBOJM XMMUM. B 9TOT KPyT BXOIAT MOJIENIN TEOPIY JIIEKTPOHHOTO CTPOEHNS
BELeCTBA, BKIIIOUAsk CUCTEMBI C CUIIBHBIMU 3JIEKTPOHHBIMY KOPPEALMSIMY, KBAHTOBOT'O MAarHETU3Ma,
CIJIBHO HEPaBHOBECHOII AMHAMUKI KBAHTOBBIX CMCTeM. B MOKIIafe pecTaBieH KpaTkuii 0630p
KBAHTOBBIX QITOPUTMOB IJIsSL PELEHNs YKA3aHHBIX 3aau Kak ¢ IpMMeHeHreM peanbHbix NISQ
KOMIIBIOTEPOB, TaK ¥ C IIOMOLIBI0 KBAHTOBBIX CUMYJIITOPOB, PEAIN3yeMbIX Ha KOMIIBIOTEPAX C

KJIACCUYECKON apXUTEKTYPOIL.

Primary author: IOIIAHXAMN, Bukrop (BLTP JINR)
Co-author: Dr CIOPAKIIIMHA, Tiogmuna (MLIT JINR)

Presenter: IOIIIAHXAM, Buxrop (BLTP JINR)
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Contribution ID: 21 Type: not specified

Hamiltonian simulation in the Pauli basis and some
physics applications

Tuesday, 28 May 2024 10:30 (20 minutes)

We propose a new method for computing operator exponentials for Hamiltonians that can be
spanned by a set of n-qubit Pauli operators closed with respect to the composition. The method is
based on the use of the Cauchy integral formula, in which the resolvent is represented in the form
of a linear combination of the same Pauli operators, as the Hamiltonian under consideration, with
unknown coefficients. The final result can be obtained by the method of residues. As examples of
the application of the method, we consider some toy models of condensed matter physics.

Primary author: TSIRULEV, Alexander (Tver State University)

Presenter: TSIRULEV, Alexander (Tver State University)
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Contribution ID: 22 Type: not specified

KoHcTpykTUBHOE pa3no>keHne KBAaHTOBOW CUCTEMbI
Ha NoaACUCTeMbl

Tuesday, 28 May 2024 12:00 (20 minutes)

JIro6oe pasiioskeHue KBAaHTOBOI CUCTEMBI Ha MONCUCTEMBI IIOAPA3yMeBAET MpPENCTABIICHNE €€
(rro6asnbHOTO) rIILOEPTOBA IPOCTPAHCTBA B BIJIE TEH30PHOTO IIPOM3BeAeHIS (JIOKAIBHBIX) IMIIB0EPTOBBIX
[IPOCTPAHCTB IOACUCTEM. ITO IPEIIOIATAET, YTO PA3MEPHOCTD INI00ATBHOTO IMIbOEPTOBA [IPOCTPAHCTBA
MOYKHO PasJIOKUTh B IIpou3BeeHNe (B3aXMHO IIPOCTHIX) JIOKAIBHBIX PA3MEPHOCTEIL.

MO:KHO IIOKa3aTh, UTO B CTAHAAPTHOI KBAHTOBOI MEXaHUKe AJISL JAHHOIT (PaKTOPU3ALNN PA3MEPHOCTI
rI106aJIBHOTO TYUIEOEPTOBA IIPOCTPAHCTBA BCE PA3JIO)KEHIIS, JIeXKallye Ha opOuTe 0611Iell yHIUTApHOI
CPYILIBI, AEVICTBYIOLIEN B [NI00AIBHOM IIPOCTPAHCTBE, SKBUBAJIEHTHBL.

ApryMeHTBI KOHCTPYKTUBHOCTY IIPUBOIAT K BEIBOAY, UTO €CTECTBEHHOI IPYIIIION 9KBUBAJIEHTHOCTI
pasoKeHus sBJsieTcs IpsiMoe npousBefenue rpynn Kiuddopaa - KOHEUHBIX IPYIII, BAKHBIX

B KBAHTOBOJ MH(POPMATHKE, - NECTBYIOIUNX B JIOKAJIBHBIX TTI0EPTOBBIX IPOCTPAHCTBAX.

Kuraiickas Teopema 06 ocTaTkax o0ecreunBaer CBA3b MY KBAHTOBBIMIY UMCIIAMY CUCTEMBI I
KBAaHTOBBIMU YNCJIAMIU €€ TTOCUCTEM.

Primary author: KOPH/K, Bragumup

Presenter: KOPHK, Bnagumup
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Contribution ID: 23 Type: not specified

Single-qubit gate decomposition stable to
Rabi-frequency fluctuations

Monday, 27 May 2024 12:50 (20 minutes)

Single-qubit quantum gates in neutral-atom quantum computers are implemented via Rabi oscil-
lations. An atom is excited by radio-frequency pulses or Raman-laser beams. From one execution
of a quantum circuit to another, the Rabi frequency may fluctuate leading to degraded accuracy
of single-qubit gates. One of fluctuation reasons is the thermal motion of an atom inside a dipole
trap and the dependence of the intensity of the control radiation on the coordinate of the atom in
space.

We explore decompositions of single-qubit gates into sequences of rotations about the X and Y
axes, seeking stability against Rabi-frequency fluctuations. By considering small perturbations in
the Rabi frequency, we develop a robust decomposition for gate operations that minimizes the
sensitivity to such fluctuations, extending the fidelity of quantum gates beyond traditional decom-
positions.

We evaluate different decomposition strategies through numerical simulations using the NLopt
optimization library, comparing their performances and stabilities. Additionally, we present ex-
perimental results, evaluating our decompositions on neutral-atom computer developed at MSU.

Primary authors: STRUCHALIN, Gleb (Lomonosov Moscow State University, Quantum Technol-
ogy Centre); MIKHAILOVA, Varvara (Lomonosov Moscow State University)

Presenter: STRUCHALIN, Gleb (Lomonosov Moscow State University, Quantum Technology Cen-
tre)
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Contribution ID: 24 Type: not specified

Quantum Information Scrambling and
Entanglement: A Mathematical Connection

Tuesday, 28 May 2024 09:30 (20 minutes)

Quantum Information scrambling is a measure of quantum chaos and attracted the huge attention
of the quantum information community now a days. To perform this measure,the out-of-time
order correlator (OTOC) operators are used.On the other hand, Wooter’s bipartite concurrence
is a measure of bipartite entanglement, in this work we establish the mathematical connection
between quantum information scrambling and Wooters concurrence and investigate the mathe-
matical challenges to establish such connections in higher dimensional Hilbert spaces. By such
a mathematical connection, one can directly measure either one of the quantity, once any one
quantity is known.

Primary author: Dr SHARMA, Kapil (DY Patil International Univ)

Presenter: Dr SHARMA, Kapil (DY Patil International Univ)
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Contribution ID: 25 Type: not specified

Long-time Markovian dynamics of open quantum
systems in all the orders of perturbation theory

Tuesday, 28 May 2024 14:50 (20 minutes)

Usually the Markovian dynamics of an open quantum system arises in the Bogolubov-van Hove
limit, which assumes the small coupling between the open system and its environment and ap-
propriately long time-scale. For some specific physical models, namely, generalized spin-boson
models in the rotating wave approximation, we show that under some natural conditions on so-
called reservoir correlation functions the similar thing is true in all the orders of Bogolubov-van
Hove perturbation theory. Markovian dynamics in the quantum case is typically defined as valid-
ity of the Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) master equation for the density matrix
and regression formulae for multi-time correlations functions. We show that the GKSL equation
is valid in all the orders of Bogolubov-van Hove perturbation theory. But to reproduce the right
asymptotic precision at long times, one should use an initial condition different from the one for
exact dynamics. Moreover, we show that the initial condition for this master equation even fails to
be physical. It particular, it may have negative populations. The regression formulae are not valid
exactly, but should be renormalized in the similar manner as the initial condition. We call such a
dynamics long-time Markovian one, because strictly speaking it is not Markovian, but all the non-
Markovianity could be taken into account by such renormalization due-to non-Markovian dynam-
ics in an initial layer, which is small with respect to the long time-scale separated by Bogolubov-van
Hove scaling.

Primary author: TERETENKOV, Alexander (Department of Mathematical Methods for Quantum
Technologies, Steklov Mathematicallnstitute of Russian Academy of Sciences, Moscow, Russia)

Presenter: TERETENKOV, Alexander (Department of Mathematical Methods for Quantum Tech-
nologies, Steklov Mathematicallnstitute of Russian Academy of Sciences, Moscow, Russia)
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Contribution ID: 26 Type: not specified

The influence of the polaron effect on the single
excitation migration in the molecular chain from
donor molecule: non-adiabatic polaron model

Monday, 27 May 2024 16:40 (20 minutes)

There are many processes inside living cells that are necessary for their functioning, during which
different types of excitations are transmitted over long distances. Often, the transfer of excitation
occurs at the submolecular level. For example, the energy required to carry out various physio-
logical processes of the cell is generated by the hydrolysis of ATP to ADP. It is believed that the
generated quantum of energy transmits to the place where it is used through a so-called molecular
bridge —usually a polypeptide (protein) molecular chain. At the same time, although it travels a
long distance, this energy is not lost in any dissipative process or in any other way. The mecha-
nism of energy transfer is still the subject of vivid scientific discussion. The appropriate theoretical
model must consider the quantum mechanical nature of the process and explain its stability and
high efficiency.

In the report, we will consider a single excitation injected into a structure consisting of a molecular
chain, in the vicinity of which an additional molecule is located. An additional molecule interacts
with the molecular chain and forms a unique quantum system with it. It also can inject or absorb
excitation [1]. We will present the distribution of the probability of finding excitation along the
molecular chain. The results were obtained using a model based on the assumption that excita-
tion, due to interaction with thermal oscillations of the structural elements of the molecular chain,
forms a state corresponding to a non-adiabatic polaron [1,2].

We will consider the process of excitation migration and the degree of correlation, including
quantum entanglement, of the quantum states of different structural elements of the molecular
chain. We will compare the results obtained using the polaron model with those predicted by
the model that does not rely on the assumption of the polaron formation. In this model, the so-
called quantum-classical formalism is used. According to the latter the excitation energy is a linear
function of the molecules displacement from equilibrium positions [3-6]. In this case the classical
dynamics of the molecules and environment affects the quantum dynamics of the excitation and
vice versa, the quantum dynamics of excitation affects the classical dynamics of the molecules. In
this approach, the signs of chaotic behavior of the excitation in the molecular system are clearly
visible.

1. V. Matic, Z. Ivic, Z. Przulj, and D. Chevizovich Phys. Rev. E 109 (2024) 024401,

2. D. Chevizovich, in Nonlinear Dynamics of Nanobio-physics, edited by S. Zdravkovic and D.
Chevizovich (Springer, Singapore, 2022).

3. Lakhno, V.D., 2002. Dynamics of the Hole Transfer in the Nucleotide Sequences. Moscow -
Izhevsk, Russia.

4. Lakhno, V.D., 2005. Dynamical theory of primary processes of charge separation in the
photosynthetic reaction center. J. Biol. Phys. 31, 145-159.

5. Shirmovsky, S.Eh., 2016. Quantum dynamics of a hole migration through DNA: A single
strand DNA model. Biophys. Chem. 217, 42-57.

6. Shirmovsky, S.Eh., Chizhov, A.V., 2023. Modeling of the entangled states transfer processes
in microtubule tryptophan system. BioSystems 231, 104967.
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Primary authors: Dr CHIZHOV, Alexei (Laboratory of Radiation Biology, Joint Institute for Nuclear
Research, Dubna, Russia); Dr CHEVIZOVICH, Dalibor (Vinca Institute for Nuclear Sciences, Belgrade,
Serbia); Dr SHULGA, Denis (Far Eastern Federal University, Vladivostok, Russia); Dr SHIRMOVSKY,
Sergey (Far Eastern Federal University, Vladivostok, Russia); Dr GALOVIC, Slobodanka (Vinéa Institute
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Serbia)
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Contribution ID: 27 Type: not specified

On the dichotomy of “elementary versus composite”
in Stratonovich-Weyl correspondence for qudits

Tuesday, 28 May 2024 16:10 (20 minutes)

The issue of evidence of a quantum system to be an elementary or a composite one is discussed
within the Stratonovich-Weyl correspondence for finite dimensional systems.

The numerical experiments with a 4-level quantum system are performed in order to understand
how its virtual 2-level subsystems manifest themselves in the properties of the Wigner quasiprob-
ability distributions of quantum states.

The results of our studies show that “compositeness of a quantum system” is encoded not only in
the density matrix of quantum state but in the structure of the Stratonovich-Weyl kernels as well.

Primary author: XBEIEJIWU/3E, Apcesn (Joint Institute for Nuclear Research)
Co-author: ROGOJIN, Ilia (JINR)

Presenter: XBEIEJUI3E, Apcen (Joint Institute for Nuclear Research)
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Quantum Evolution through the prism of operator
growth

Tuesday, 28 May 2024 15:10 (20 minutes)

Quantum circuits consisting of Clifford and matchgates are two classes of circuits that are known
to be efficiently simulatable on a classical computer. We introduce a unified framework that shows
in a transparent way the special structure that allows these circuits can be efficiently simulatable.
The approach relies on analyzing the operator spread within a network of basis operators during
the evolution of quantum circuit. Quantifying the complexity of a calculation by the number of
operators with amplitude above a threshold value, we show that there is a generic form of the
complexity curve involving an initial exponential growth, saturation, then exponential decay in
the presence of decoherence. Our approach is naturally adaptable into a numerical procedure,
where errors can be consistently controlled as a function of the complexity of the simulation.
https://arxiv.org/pdf/2401.08187

Primary author: ERMAKOV, Igor (Steklov Institute of Mathematics)

Presenter: ERMAKOYV, Igor (Steklov Institute of Mathematics)
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Contribution ID: 29 Type: not specified

Using quantum wavelet transform to calculate the
Allan variance of noisy signals

Monday, 27 May 2024 11:50 (20 minutes)

The Allan variance [1] is now widely used in the analysis of noisy time series data in metrology,
astrophysics, radiophysics, biomedicine, gyroscopy and navigation, et al. From a computational
point of view, it is critical to calculate the Allan variation for real-time signals as well as for high
dimensional signals (e.g., noisy images). Previously, a relationship was established between the
Allan dispersion and the coefficients of the Haar wavelet transform [2]. On the other hand, algo-
rithms for quantum wavelet

transforms (QWTs), including the Haar transform, are well known [3]. In this report, for the first
time an

algorithm for calculating the Allan variance for noisy time series using the quantum Haar trans-
form is proposed. Complexity of the New algorithm is based on the analysis of computational
cost of executing QWTs. Generalizations to the multidimensional case, as well as to the case of
calculating other types of wavelet-like variances, are possible.

1.D.W. Allan. Historicity, strengths, and weaknesses of Allan variances and their general applica-
tions. Gyroscopy Navig. 2016, vol. 7, no. 1, pp. 1-17. DOI: 10.1134/52075108716010028.

2.D.B. Percival. A wavelet perspective on the Allan variance. IEEE Trans. on Ultrasonics, Ferro-
electrics, and Frequency Control. 2016, vol. 63 (4), pp. 538-554. DOI: 10.1109/TUFFC.2015.2495012.
3.M. Bagherimehrab and A. Aspru-Guzik. Efficient quantum algorithm for all quantum wavelet
transforms. 17 September 2023. arXiv:2309.09350v1.

Primary author: Dr BASARAB, Mikhail (Bauman MSTU)

Presenter: Dr BASARAB, Mikhail (Bauman MSTU)
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Contribution ID: 30 Type: not specified

”CﬂOﬂbSOBal;II/Ie KBAaHTOBbIX U KBaHTOBO'nOﬂ,O6HbIX
oTXKMrartenem ansa pewieHnsa HAYy4YHO-NMPaKTUYeCKnux

3aaau napamerTpmsaumm Cno2KHbIX MOﬂeﬂeﬁl.
HeKOTOpre MaTeMmaTnuyeckKkme acClieKTbl.

Monday, 27 May 2024 15:20 (20 minutes)

CoBpeMeHHbIE KBAHTOBbIE BBIUNCINTENN IIpeacTaBisioT u3 cebs NISQ-ycrpoiicrsa (Noisy Intermediate-
Scale Quantum devices), ¥ I109TOMY Ha HIX MOT'YT OBITh Peai30BaHbl JIVIIIb AJITOPUTMBI, YCTOMUMBbIE

K BEIUMCIIUTENBHBIM OLINOKAM, a, CJIEJOBATENBHO, 11 PU3MUECKIM IIIyMaM, HanboJiee MHTePeCHbIMU

73 KOTOPBIX C IPAKTMUECKON TOUKM 3peHUs SBJISIOTCI alropMTMBI ontuMusanuu. Hecmorps

Ha TO, UTO B JOJITOCPOYHOII ITepCIIeKTMBe Gojlee YOOOHBIMM I peanyu3alnyl yHUBEPCATbHbBIX
maciTabusix FTQC (Fault-Tolerant Quantum Computers) IipecTaBiIsIIOTCS CErOXHS BBIUMCINTENN
BerTubHOro Tuna (GTQC - Gate-Type Quantum Computers), B KpaTKO U CpeTHECPOUHOI ITEPCIIEKTUBAX
GoJree IpMBIIEKATEIbHBIMI JJIS PELIeHNS IIPAKTIUECKIX 38124 ONITMMM3AIMI BBITIIAIUT APYTOII

THUII KBAaHTOBBIX KOMIIBIOTEPOB —aanmabaTuyeckyie KBAHTOBbIE KOMIIBIOTEPHI, WIIN, TOUHEE, UX
TEKYILMII BAPMAHT peanu3alini, Ha3blBaeMbIil KBa3-aquabaTiuecKIMI KBAHTOBBIMI OT)KITATENIMA,
B HACTOsIIIIee BpeMsI CYILLIECTBEHHO OIIEPEXAIOIIIMMI 10 KOJINMUECTBY KYOUTOB KBAHTOBbIE KOMIIBIOTEPHI
BEeHTIUIBHOTO THUIIA.

JOnOTHNTEIBHBIM IIPEVMYIIIECTBOM aA1abaTIueCKIX BHIUMCIEHILI ABIISIETCS Y TO, UTO IIOMIMO
COOCTBEHHO KBAHTOBBIX aHHIIIEPOB (Harpumep, Diraq [1]) Ha ceromHSIIIIHIIT EHb UMEIOTCS JOCTATOUHO
MoIIHble rubpuaHble (Hapumep, D-Wave [2]) u indpossie (Hanpumep, Toshiba [3] n Fujitcy [4])
OTKUTATENN —CIIENMATN3UPOBAHHbIE IIPOrPAMMHO-AIaPaTHbIE KOMILIEKCHI, 9MYIUPYIOIIVe KBAHTOBBIII
OTSKUT U NIpeHa3HAYEHHbIE [JISL PELIeHN 3a/1au ONITUMU3ALUMN, & TAK)KE IIPOrPAMMHBIE IMYJIATOPbI
KBAHTOBOTO OT/KITA.

JlaHHBIE YCTPOIICTBA U IPOrPAMMBI IIpe THA3HAUEHBI JJIF pellleHNs JIHIIb OMHOTO KJlacca 3aad —
3amau QUBO (Quadratic Unconstrained Binary Optimization), T.e. 3agaun Hax0KJeHUs [II00AIBLHOTO
MUHIMYyMa KBafpaTUIHOIl GopMbI

Q(Q(l)’ q(2)> Y Q(N)) = 0((0,0)+2_1,J{a(l,J)Q(l)Q(J)},

rae q(1), q(2), *-*, q(N) —6unHapHBIe IIepeMeHHbIe, KOTOpble MOTYT IPMHUMATD 3HaUeHNI 0 YN

1, a a(i,j) —melicTBUTeNbHBIE KO((UIMEHTHI CBA3Y, KOQUPYIOIIMe yciaoBue 3agaun. OmHAKoO K
3agauaM QUBO MoryT 6BITE CBeIeHBI MHOTHE 331a4Vl OIITYMM3AIINI I, KPOMeE TOTO, CYLIIEeCTBYIOT
CTaHIapTHEIe 6a30BBIe METOMBI, IIO3BOJIAIONINE CIENATh 3TO.

B HayuHOI TUTEpaType pacCMaTPUBAETCA BO3MOKHOCTD IIPMMEHEHST KBAHTOBOI'O OT)KIUTA K PELLICHIIIO
Ppsifia 337124 OIITUMUBALNI, KOTOPBIE YCIOBHO MOKHO PAa3IeIUTh II0 TPEM OCHOBHBIM HAIIPABIEHUAM
MPAKTUYECKOTO U HAYYHO-IPAKTUUECKOTO MCIIOIb30BAHUS:

+ ONTUMAJBHOE YIIPABJIEHME U 3a0auM NUCKPETHONM ONTMMU3ALMM B SKOHOMUKE (JIOTUCTUKA,
MapLIpyTU3anys, ClieHapHOe IUIAaHIPOBaHMeE, OITUMAIBHOE YIIpaBieHns noprdenem n r.11.) [5];

o IIapaMeTpU3aIsa MOJENEell CIOKHBIX CUCTEM Pa3JIMUHON MPUPOABI (MaTepuaioBeeHue [6],
reodusuxa [7], mereoposorus u mp.);

« obyuenue cucrem AI/ML.

OpnHako IpuMeHeHUe JaHHOIO MHCTPYMeHTapHs K 3aiauaM ITapaMeTpU3aLy MOeIIell, 3aJaBaeMbIX
CIIOXKHBIMIU QYHKUMAMI € GOIBIINM KOJIMUEeCTBOM ITepeMeHHBIX, CTAIKMBAETCA C CYLI[eCTBEHHBIMI
tpynuaoctamu. C 0OTHOI CTOPOHSBIL, IIPYMeHeHNe CTAHAAaPTHBIX 6a30BBIX METOXOB CBEAEHIIS 3a4au
orrmMusanyy K 3agagam QUBO cormpoBoyx/aeTcst IIpy MacIITabNPOBAHMI 3a8aUlL HeJIMHETHbIM
POCTOM KOJIMUECTBA HeOOXOMMMBIX HOIIOIHUTEIbHBIX OMHAPHBIX ITepeMeHHbIX. C IPyTOIl CTOPOHEL,
BO-IIEpPBBIX, MIMEIOII[VeCs BBIUMCIUTEIbHBIE CUCTEMB] IMEIOT OTPaHNUYEHUS KaK 110 KOJIMUECTBY
OMHApHBIX TepeMeHHBIX ((i), Tak 1 10 KOJIMUECTBY HeHYIeBbIX K03 duimeHTos cBa3u o(ij). Bo-
BTOPBIX, IIPM MacIITabMpPOBAaHUM 3a[a4y KAUeCTBO II0Jy4aeMBbIX PElIeHNIT JOCTATOYHO ObICTPO
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IIagaeT, a BpEMA pacueTa B I‘I/I6pI/IJ1HI)IX n LU/I(prBbIX OTKUTATENSIX HeJIUHETHO pacTerT.

B cBeTe cKa3aHHOTO aKTyaJbHOII IIPEICTABIISIEeTCS 3afaua pa3paboTK METOXOB CBeIeHNs 3a1au
MHOTOIIapaMeTPUUECKOI OINTUMM3ALUN CIOXKHBIX QyHKIMI K 3agauam QUBO ¢ HammeHbIINX
KOJIMUECTBOM OMHApHBIX IlepeMeHHBIX. B MoKIane npeacraBieH Kak KpaTKMit 0030p CTaHJapTHBIX
6a30BBIX METOOB CBeNeHNS 3aqay onTnuMusanniu K 3agauyam QUBO, Tak 1 HejaBHO pa3paboTaHHBIN
B IpyIINe IPUKIATHBIX KBAHTOBBIX aJITOPUTMOB abopaTopuu «KBaHTOBOI MHKXEHEPU CBETa»
IOYpI'Y meTon, marommii Cy1iecTBEHHO MEHBIINIT TEMII POCTa KOJIMUECTBA OMHAPHBIX [T€peMEHHBIX
rpu MacitabupoBanuy 3agaun. Vigess MeToqa COCTONT B ICIIOJIB30BAHIY PA3JIOXKEHISI CJIOXKHOI
onTUMM3NpyemMoit GyHKImK B psif Teitopa, uTo mo3BosiseT AeKOMIIO3MPOBATh MICXOMHYIO 3ajauy
ONTUMM3ALIN Ha HECKOJIBKO II0CJIe{OBATEbHBIX 103144, YaCTh 13 KOTOPBIX PEIIAeTCS METOLAMI
ML, a gyacTp gOCTATOUHO IIpoCcTO cBOAMUTCA K 3amauaM QUBO cy1iecTBEeHHO MEHBIIIET0 pasMepa,
yeM 9TO ObLIO GBI IIPU WMCIIOIH30BAHNUY CTAHAAPTHBIX 0A30BBIX METOMOB CBEIEHNS K 3afauaM
QUBO. Meton paspaboTaH Ha prMepe OXHOI U3 BAYKHBIX 33U BHIUMCINTENBHOTO MaTepUAIOBe e HIIS
—3aayy [1apaMeTpM3aluuyl [TOTEHIMAIOB MeKMOJIEKYJIIPHOTO B3aMIMOMENICTBIS, OTHAKO, KaK
IIpeCTaBIIAETC, IPUMEHNM K JOCTATOUHO IIMPOKOMY KpPYyTy 3ajau OITMMM3ALMN CIO0KHBIX
(yHKIUIT OT GOJIBIIOrO KOJIMYECTBA [TIepEMEHHBIX.

Crucok JaurTeparyps:

[1] https://diraq.com/

[2] https://www.dwavesys.com/

[3] https://www.global.toshiba/ww/products-solutions/ai-iot/sbm.html

[4] https://www.fujitsu.com/global/services/business-services/digital-annealer/

[5] Sheir Yarkoni, Elena Raponi, Thomas Béck, Sebastian Schmitt, 2022, «Quantum Annealing for
Industry Applications: Introduction and Review», https://doi.org/10.1088/1361-6633/ac8c54

[6] Nikolay V. Maletin et al., 2023, «On the possibility of using quantum annealers to solve prob-
lems of parametrization of intermolecular interaction potentials», Laser Physics Letters, 20 115205,
DOI 10.1088/1612-202X/acfd8e

[7] H.B. Manetns, 2023, «O BO3MOKHOCTH peLLIeHNST MACIITAOHBIX OMHOMEPHBIX 3a1a4 MHBEPCUI
celiCMMYeCKIX JAaHHBIX Ha COBPEMEHHBIX KBAHTOBBIX OTKUTATEIIX», I’eo@)msmka Ne 2-2023, ctp.
102, DOI 10.34926/ge0.2023.59.58.012

Primary author: MAJIETUH, Huxosnait Bragummposuu (I0YpI'Y, maGoparopus "KBanToBast MHKeHepus
cBera’

Presenter: MAJIETVH, Hukosait Bnagmmuposuu (FOYpI'Y, ma6oparopust "KBaHToBast MHXeHepus
ceera’
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OaHoHanpaBneHHble KBAHTOBbIE€ BbIUMCIIEHUSA U
npuHunn acausality

Monday, 27 May 2024 17:20 (20 minutes)

CranpmapTHbIE KBAHTOBbIE BLIUMCIIEHNI OCHOBLIBAIOTCA Ha I1OCTIEI0BATEIbHOCTY YHUTAPHBIX KBAHTOBBIX
JIOTMUEeCKNX IepeKIoyaTeliell 00ecIIeunBaloLIX IPOXoKaeHe KyouToB. OTHOHAIIpaBIeHHBIN
KBaHTOBBIII KOMIIbIOTEp ( One - way quantum computer unu Measurement Based Quantum Com-

puter, MBQC) npennosxennsrit Payccenmopdom (Raussendorf ) u Bpeiirenem ( Briegel) npencrasnser
COBEpILIEHHO HOBYIO MIEI0 TOr0, Kak KBAHTOBbIE BBIUMCIIEHNS MOTYT paboTars Boobite. OCHOBY
COCTAaBJISIIOT KJIACTEPHBIE COCTOSIHIISI MHOYKECTBA KyOMTOB ( OHM MOTYT BO3HMKATH U3 LEIIOUEK
CIIMHOB Uepe3 U3BeCTHbIE B (U3MKe TBEPAOTO Tejla B3auMOoAelicTBIsA M3 uHra ), M3MepeHMs KOTOPBIX
CO3/1al0T BpEMEHHYIO IT0CTIe[0BATEIbHOCTD IIPY YHIUTOKEHII PECYPCHOTO M3HAYaILHOTO COCTOSHIS.
MBQC MoryT cTaTh OCHOBOII YHMBEPCAIBHBIX KBAHTOBBIX KOMITBIOTEPOB, TaK KaK KJIacTepHBIe
COCTOSHMS 00JIaJAl0T CIIeLMATbHBIMI KOPPeNALMAMY MEXAYy KyOUTaMu ¥ JIeTKO 0600611aroTcs

¢ nomo1ubio FP1+FP2 npuununa Haiinuurepa ( Zeilinger, 1999,2010). CoruacHo Haitinuurepy
kactepHsble cocrogana MBQC manomuHatot BaBunonckyo Bubnmorexky bopxeca 1 MOTyT IOHMMAThCS
Kak ciry4an acausality ( He kaysagbHOCTM ). MaTeMaTuuecky, Takad acausality mopasureapHbIM
obpasom onuceiBaercs perreHneM ABC mpo6iemsl B MHTep - YHUBepcanpHoiT Teopun TeitxMiomuiepa
COBpEMEHHOTO AMIOHCKOro MaTeMaTnKa Mounasyku. SKcrepuMeHTaIbHbIe IpuOmnkeHna K MBQC
[MaitnuHrepa 1 gpyTue IPUIOKeHNI OXHOHAIIPABIeHHBIX KBAHTOBBIX BHIUNICIIEHMIT TAaKKe 00CYKIAAI0TCH.

Primary author: POPOV, Michael (OMCAN Mathematical Institute University of Oxford)

Presenter: POPOV, Michael (OMCAN Mathematical Institute University of Oxford)
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Quantum computing with qudits

Monday, 27 May 2024 12:30 (20 minutes)

Recent progress in a development of quantum computing platforms operating with qudits (d-
dimensional quantum particles with d > 2) rises important questions of how such platforms can
be used in the most efficient way for implementing known quantum algorithms. We are going
to discuss possible approaches for implementing quBit-based circuits with quDit-based hardware.
These approaches include (i) employing “higher” qudits’ levels for substituting ancillary qubits in
decomposition of multiqubit gates, (ii) encapsulating computational space of several qubits in a
single qudit, and (iii) combination of (i) and (ii). Special attention will be given to implementation
of the approaches for trapped ion-based qudit systems with Mglmer—Sgrensen gate as a native
two-particle gate, and transmon-based superconducting qutrits. Recent experimental results will

be also highlighted.

Primary authors: FEDOROV, Aleksey (Russian Quantum Center); Dr NIKOLAEVA, Anastasiia
(Russian Quantum Center); KIKTENKO, Evgeniy (Russian Quantum Center)

Presenter: KIKTENKO, Evgeniy (Russian Quantum Center)
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Advancements in Quantum Computing in Egypt: A
Journey with the Alexandria Quantum Computing
Group

Monday, 27 May 2024 10:30 (20 minutes)

Alexandria Quantum Computing Group (AleQCG) has been at the forefront
of quantum computing research in Egypt since 2016. Situated in the
Department of Mathematics and Computer Science at the Faculty of
Science, Alexandria University, Egypt, AleQCG focuses on various aspects
of quantum computing:

1. Quantum Algorithms: AleQCG designs novel quantum algorithms to
address complex computational problems, leveraging the unique properties
of quantum systems.

2. Quantum Circuit Synthesis and Optimization: The group conducts
pioneering research in optimizing quantum and reversible circuits,
ensuring efficient utilization of quantum resources.

3. Quantum Machine Learning: AleQCG explores the intersection of
quantum computing and machine learning, aiming to unlock new
capabilities through quantum-enhanced models.

4. Quantum Cryptography: Investigating secure communication protocols
based on quantum principles, AleQCG contributes to the field of
quantum-safe cryptography.

5. Quantum Dot Cellular Automata: The group explores alternative
quantum computing paradigms, including quantum dot cellular automata,
which holds promise for future quantum technologies.

AleQCG has made significant contributions to integrating quantum
computing into the curricula of various institutions in Egypt at the

BSc, MSc, and PhD levels. Many Master’s and PhD students from Egypt
and the Middle East have graduated under their guidance. Additionally,
AleQCG has successfully completed several projects funded by the ASRT
(Academy of Scientific Research and Technology).

The group has established the Center of Excellence for Quantum
Computers at Alexandria University, serving both the community and
researchers. AleQCG played a key role in establishing and coordinating
the Professional Master’s program in Quantum Computing and Quantum
Informatics offered by Alexandria University.

Furthermore, AleQCG collaborates extensively with institutions across
Egypt, the Middle East, Africa, and worldwide. They organize workshops
and participate in global events to raise awareness about the importance
of quantum computing. Notably, the group represents Egypt in initiatives
such as QWorld and World Quantum Day.

Primary author: YOUNES, Ahmed (Faculty of Science, Alexandria University)
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Dense Quantum Hashing

Monday, 27 May 2024 16:20 (20 minutes)

In [1] we have proposed a cryptographic quantum hash function and later in [2] provided its gen-
eralized version for arbitrary finite abelian groups based on the notion of -biased sets. However,
the physical implementation of such functions nowadays poses a great challenge for the engi-
neers since the proposed constructions of quantum hashing require completely entangled quan-
tum states, which are hard to create and maintain. Therefore, in [3] we have proposed a simplified
version of the quantum hash function that minimizes quantum state engineering and experimen-
tally verified the collision resistance of such function. In this research we improve this approach
by introducing a dense encoding of the classical information by the quantum states.

Let S = s1, .., 5m Z4 be the set of numeric parameters. We propose a quantum hash function
¥ (x,y) that encodes classical information by the following superposition:

[j(w,y) = cos 0 + PV Ising THEL [y(z,y) = [i(ey) [Wa(zy)  [m(zy)

That is, the quantum hash |¢)(x,y) of the classical input (z,y) is composed of m inde-
pendent hashes [1)j(x,y) of smaller size. The only difference between them is the value
of the numeric parameter s;. The pair of arguments (z,y) can be interpreted as the split
of a larger input, or as a pair of an input and a key. In any case this means that we can
double the amount of information encoded in the same number of qubits as compared to
[3]. The main idea behind quantum hashing is to provide the minimal fidelity of differ-
ent quantum hash codes (collision resistance) with the minimal possible number of qubits
(that affects the one-way property) [4]. The fidelity in our case can be expressed by the
following formula:

m
2 7F8j(x2—$1) . TS;T1 .+ TSjT2 9 TS; (yg—yl)
COS™ ———F—— — S1n Sin simn® ——- .
]1:[1 2q 2q 2q q

The formula above gives the probability of considering hashes |1)(x1,y1) and |1)(z2,y2) to be
equal, and the set of parameters S = s1, ..., S, should be computed as the result of minimiza-
tion of this formula over all pairs of unequal inputs.

References

1. Ablayev F.M., Vasiliev AV. Cryptographic quantum hashing // Laser Physics Letters.
—2014. -V.11, No. 2. —Art. No. 025202.

2. Vasiliev A. Quantum hashing for finite abelian groups // Lobachevskii Journal of
Mathematics. —2016. —Vol. 37, No. 6. —P. 751-754.

3. Turaykhanov D.A., Akat’ev D.O., Vasiliev AV., Ablayev F.M., Kalachev A.A. Quan-
tum hashing via single-photon states with orbital angular momentum // Phys. Rev.
A.-2021. -V. 104. —Art. no 052606.

4. Ablayev F., Ablayev M., Vasiliev A. On the balanced quantum hashing // Journal of
Physics: Conference Series. —2016. —Vol. 681, No. 1. —Art. No. 012019.

Primary author: VASILIEV, Alexander (Kazan Federal University)
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Pacuer 3)16KTpOHHOl7I CTPYKTYPbl aTOMAa MOCKOBUA C
MOoOMOLLbIO KBAHTOBbBIX A/IrTOpUTMOB

Monday, 27 May 2024 15:40 (20 minutes)

3HaHUeE 3IEKTPOHHOI CTPYKTYPhI HEOOXOMMMO IUIsl ITOHMMAHUSI CBOMICTB ATOMOB, XMMIYECKIX
COeVMHEHUI 1 MaTepyajIoB. YUeT 3JIeKTPOHHBIX KOPPEJIALNII OCTaeTCd JOBOJIBHO CII0>KHOI 3a1aueit,
HeCMOTps Ha 3HAUNMTEJIbHBIN IIPOrpPecC B pa3BUTUM BBIUMCINTEIbHBIX METOIOB I allllapaTHOTO
obecrreuenus. PyHIaMeHTAIbHOE OTpaHMYEHNE, KOTOPOe MPEISITCTBYeT TOYHOMY ONMVCAHNIO
MHOTO3JIEKTPOHHBIX CUCTEM Ha KJIACCHMYECKUX KOMIIBIOTEpaX, CBA3aHO C 3KCIIOHEHUMATbHBIM
POCTOM KOH(UIYpAIMOHHOTO IIPOCTPAHCTBA IIPY YBEIMUEHNI YICIa aKTUBHBIX YacTull. EcrecTBeHHBII
c110co6 IIPeooJIeTh 9TO MPEMsITCTBIIE —IIPOBOJNUTH pacueThl KBAHTOBBIX CUCTEM Ha KBAaHTOBBIX
ycrpoiicTBax. Taxue BbIUMCIEHUS TPEOYIOT COBEPIIEHHO HOBBIX AJTOPUTMOB, MCIIONb3YIOIIX
KBaHTOBBIE 3(pPeKTHI.

[lespro pecTaBIeHHO pabOTHI SIBJISETCS MCCIIENOBAHE IPUMEHMMOCTY KBAHTOBBIX AJITOPUTMOB

K 3a/ja4e pacueTa 3JIeKTPOHHOII CTPYKTyPbI aTOMHBIX CUCTEM Ha IIpMMepe OCHOBHOTO COCTOSHIS
aToMa MOCKOBMA. PacueTsl mIpoBOOMIINICH C IIOMOIIBIO ABYX KBAaHTOBBIX aJITOPUTMOB: Iterative
Quantum Phase Estimation (iPEA) u Variational Quantum Eigensolver (VQE) ¢ pasmumussiMu
ONTUMM3AaTOPAaMI U TUIIAMY aH3aI[eB. ATOM MOCKOBYS ObLI BBIOpaH 113-3a HAIIOJIOBMHY 3aII0JTHEHHOI
P-060JI0UKIM B OCHOBHOI KOHQUIYPALNH, UTO 3aTPyAHIET PACUeT SHEPTUI OCHOBHOTO COCTOSIHIAS

C UCIIOJIb30BaHMEM CTAaHIAPTHOTO MeTOMAA CBA3aHHBIX KiIacTepoB. IIpogeMOHCTpUpOBAHO, UTO
pacueTsl ¢ momorbo VQE MoryT GbITh YCIIEITHO pean30BaHbl B KOHQUTIYPALVIOHHOM IIPOCTPAHCTBE,
coxepskareM okoio 500 000 nerepmuHaHTOB CieiiTepa.

1. V. A. Zaytsev, M. E. Groshev, I. A. Maltsev, A. V. Durova, V. M. Shabaev, Int. J. Quant. Chem.,,
124, 1, €27332 (2023)

Primary author: DUROVA, Anastasiia (St. Petersburg State University)

Co-authors: Dr MALTSEYV, Ilia (St. Petersburg State University); GROSHEV, Maksim (St. Petersburg
State University); Prof. SHABAEV, Vladimir (St. Petersburg State University)

Presenter: DUROVA, Anastasiia (St. Petersburg State University)
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KBaHTOBbINN aAropuTtm nomcka aKCTpemaaibHbIX
nyTeil B rpaaynpoBaHHbIX rpacax.

Tuesday, 28 May 2024 15:50 (20 minutes)

B OOKJIanme 6Y,H6T pacCKasaHO 0 BO3MOXHOCTI TPMMEHEHN I KBAHTOBbBIX aJITOPUTMOB, OCHOBaAHHBIX
Ha aJIropmurMe FpOBepa AJIA IIOVICKA aCUMIITOTUK 3KCTPEMAJIbHBIX HyTef/I B IpagynpOBaHHbIX

rpadax tnna rpados IOura u [ypa.

Primary author: VASSILIEV, Nikolay (St.Petersburg Department of Steklov Institute of Mathemat-
ics)

Presenter:  VASSILIEV, Nikolay (St.Petersburg Department of Steklov Institute of Mathematics)
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BosmoxxHocTu reteporenHoi naatrgopmbl HybriLIT
ANSA KBAHTOBbIX BbIUMCIEHUN

Tuesday, 28 May 2024 10:10 (20 minutes)

B moxnage Oymert mpecrasiieH 0630p rereporenHoi mardopmel HybriLIT, BkiTrouaroiiesi CyiepkoOMIIBIOTED
«['oBOpyH», yuebHO-TecToBbIiT oNUroH «HybriLIT», skocucremy ML/DL/HPC n mosuron mis
KBaHTOBBIX BhrumcieHuit. Ilomaep;kka KBaHTOBBIX BEIUMCIIEHII JOCTYITHA B IBYX PEXKIIMAaX PabOTHI:

yepes ITaHUPOBIUK 3agau SLURM (B pexume ouepefell) 1 B MHTEPAKTMBHOM pekuMe (uepes
Be6-6paysep).

B pexume ouepeeil KBAHTOBBIE BEIUVCICHIA MOTYT IIPOBOIVTHCA C VICIIOJIb30BAHIIEM BCEX PECypPCOB
cynepkoMirpiorepa «[oBopyH». IloJ MHTepaKTUBHBII PeKUM BbIIeJIEH CEPBEp C YCTAHOBIEHHBIMU
6MOIMOTeKAM, TIOAIe P KMBAOIIIMY ITapaJlie]IbHbIe BBIYMCICHN KaK Ha IIeHTPaIbHBIX IIPOLIeCCOpax,
TaK M Ha TpadUUecKUX YCKOPUTENIAX. B KauecTBe OCHOBBI BBIUMCIMTEIBHOI Cpedbl BbIOpaHa
JupyterLab, uro mpemocraBiigeT BO3SMOXXHOCTS ITOJIb30BATENAM HAIJIAIHO PabOTaTh C KBAHTOBBIMU
cxeMaMI U IIPOBOAMTB pacueTsl B BeG-Opaysepe. B kauecTBe mpumepa B JOKJIafe NPUBeICHBI
pesyIbTaThI PacueToB 3a{aul 110 IIOVCKY COCTOSHMA ¢ HaIMeHbIIell 3Hepruel B Moxeny Vamara

C IPOIOJIBHBIM MAarHUTHBIM II0JIEM C MCIIOIb30BaHIeM KBAHTOBOTO alllIPOKCHMAIYIOHHOTO O TMMHU3aLIOHHOTO
anropurma (QAOA). IlpencTaBieHbI pe3ynbTaThl MCCIeR0BaHMs 3(GEKTUBHOCTY IPOBENEHMS
pacdeToB Ha PasIMUHBIX TUIIAX BBIUMCINTEIBHBIX apXUTEKTYP, B 3aBUCUMOCTH OT KOHQUTYpaIu
MCIIONb3YeMBIX BBIUMCIUTEIBHBIX PECYPCOB U KOJIMUECTBA KyOUTOB.

Primary authors: BOGOLUBSKAYA, Alla (JINR, Dubna); YANOVICH, Denis (senior researcher); Mr
ZUEV, Maxim (MLIT JINR); STRELTSOVA, Oksana (JINR); Dr PALII, Yuri (MLIT, JINR); BEJISIKOB,
Omurpuit (JINR); TTOATAWMHBIN, Omurpuit (JINR)
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Opening

Monday, 27 May 2024 10:00 (15 minutes)

Welcome speech from L. Kostov, S. Shmatov, V. Korenkov, A. Khvedelidze
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Welcome speech

Monday, 27 May 2024 10:15 (15 minutes)

Primary author: EL-FEKY, Gina (Academy of Scientific Research and Technology (Egypt))

Presenter: EL-FEKY, Gina (Academy of Scientific Research and Technology (Egypt))
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KBaHTOBBIN KOMNbIOTEP: HACTOsALLIEE U
nepcneKTuBbI

Monday, 27 May 2024 10:50 (20 minutes)

Primary author: KILIN, Sergey (Center of Quantum Optics and Quantum Information, National
Academy Of Sciences, Belarus)

Presenter: KILIN, Sergey (Center of Quantum Optics and Quantum Information, National Academy
Of Sciences, Belarus)
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PewieHne ypaBHeHUIn TeN10NPOBOAHOCTU HaA
CBEpPXMpPOBOAHVNKOBOM KBAaHTOBOM COMNpoLeccope

Snowdrop 4Q

Monday, 27 May 2024 11:30 (20 minutes)

rM6pI/IJLIHI)Ie KBAaHTOBO-KJIACCMMUECKNE BBIUNCIIEHNIA C IPIMEHEHVIEM CYIIEPKOMIIBIOTEPOB CO CBEPX-

IIPOBOTHIKOBBIMY KBAHTOBBIMI COIIPOIIECCOPAaMU IPMOIIIDKAIOTCS K IPaHIIle IPAKTUUECKI IT0JIe3HbIX.
OcHOBHBIMU 6apbepaMI Ha 3TOM IIyTU ABJIAIOTCA MPOOIeMBbI IOBBIIICHNS TOUHOCTY KBAHTOBBIX
JIOTMUECKMX OIIepaLINit, MacIITabMPOBaHNI KBAHTOBBIX COIIPOLeCCOPOB U 3(p(HheKTUBHBIX KBAHTOBBIX
anroputMoB. B paGoTe mpencTaBieHsI pe3yIbTaThl Pa3paboTKI BBICOKOTOUHBIX CBEPXIIPOBOIHIIKOBBIX
KBaHTOBBIX COIIPOLIECCOPOB cepuyt Snowdrop, HINPOKOIIOIOCHBIX KPMOT€HHBIX IIapaMeTPUIeCKIX
yCUIIUTeJNell ¢ KBAHTOBBIM YPOBHEM COOCTBEHHBIX IITYMOB, KPVOTEHHON YCTAHOBKY Y1 CHCTEMBI
ynpasieHus. [IpegcraBieHbl 9KCIIepMMeHTaIbHbIE Pe3yIbTaThl pEIlIeHN YpaBHEHNS TEIJIOIPOBOTHOCTIL
C IpUMeHeHVeM pa3paboTaHHOTO BapMAI[IOHHOTO KBAHTOBOT'O aJITOPUTMA Ha CBEPXIIPOBOIHIKOBOM
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