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OTAEJIbI MNAH

PaboTsl no TEOPUN OTKPbITbIX KBAHTOBbIX CUCTEM N UNX
NMPUMEHEHNAM B KBAHTOBbLIX TEXHONIOIMAX BEOYTCA B
MaTtemaTunyeckom NHCTUTYTE UMEHN CreknoBa B TPEX oTAenax:.

o Otpen matematuyeckoii pusmnkn (3as. ota. Bonosuy N.B.);

e OTaen Teopun BEpPOSITHOCTEN N MAaTEMaTUHECKON CTAaTUCTUKK
(3aB. ota. Xoneso A.C.);

e JlabopaTopusi MaTeMaTU4eCKNX METOAOB KBAHTOBbIX
TexHosorwii (3aB. nab. MNeyens AH.).



OCHOBHbIE HATTPABJIEHWA

OTKpbITblE KBAaHTOBbIE CUCTEMDbI
KeaHToBast nHdopmaums
KeaHToBast kpunTorpacus

VnpaBneHme KBAHTOBbIMW CNCTEMaMM



COTPYAHNHECTBO

Poccuniickuii kBaHTOBbIN LEHTP

Pumckuii ynusepcutet "Top Beprarta"(Wtanus)
Tokuiicknii yHuBepcuTeT Hayku (SInoHus)
MpuHcToHckuii yHusepcutet (CLUA)

Whctutyt Beliymana (M3paunns)

TexHuyecknii ynusepcnteT MioHxeHa, YnbMcknii yHnBepCcuTeT,
Vhusepcutet Yepxy (Kopes), Yuusepcutet Jleligena n T.4.



METOZL CTOXACTUHECKOIO MPEAENA

e Accardi, Lu, Volovich, Quantum Theory and Its Stochastic
Limit, Springer, 2002,

o Accardi, Kozyrev, Lectures on Quantum Interacting Particle
Systems, Quantum Probability and White Noise Analysis,
2002.

e Pechen, Volovich, Infin. Dimens. Analysis, Quantum Probab.
Rel. Topics (2002).

[MosBonsieT NONYy4HUTb KBAHTOBOE CTOXaCTUYECKOE YpaBHEHNE 1A CU-

CTEMbI U OKPY>)KEHUSI; N ero CIeACTBNE — MacTep-ypaBHeHue JluHab-
naga.



NPEAEN MANON NAOTHOCTH

KeaHToBast 4aCcTuLa B Pa3pe>XeHHOM KBaHTOBOM rase:
e Accardi, Pechen, Volovich, Infin. Dimens. Analysis, Quantum
Probab. Rel. Topics (2003).
e Pechen, J. Math. Phys. 45, 400 (2004).
e Pechen, J. Math. Phys. 47, 033507 (2006).

CronkHoBuTENBHASNA OEKOrepeHuUn:

dUt = dNt(S - H) Ut



AONABATUNHHOCTb n AEKOTEPEHUINA

o [lekorepeHunsi B MHOrOYaCTUYHBIX CUCTEMAX (CMUHOBbIE
LEnoYKM 1 T.M.).

e HaxoxpaeHne cTaunoHapHbIX COCTOSHW YpaBHEHUS
Jlunpbnaga npu nomowwm yHKLMOHANA NMPON3BOACTBA
SHTpONUN.

o Teopvm BO3MyLIJ.eHVII7I ONA OTKPbITbIX KBAHTOBbLIX CUCTEM,
COCTOALWNX N3 HECKOJIBKNX cnabo B3aI/IMO,D,eI7ICTByIOLIJ,I/IX

nogcucrem.

e PaspylueHne KBaHTOBOl aanabaTuyHOCTN B
MHOrOYaCTUYHbIX CUCTEMAX U CBA3b C KaTacTpodoii

opToroHanbHocTn (cosM. ¢ Vhus. Jleiigena, Hugepnangpt).?

'Trushechkin, Volovich, EPL 113, 30005 (2016).
2Lychkovskiy et al, Phys. Rev. Lett. 119, 200401 (2017).



KBAHTOBbBIE KOMIMBHOTEPLI

D-Wave One (2011): 128 qubits. $ 10”. Lockheed Martin.
D-Wave Two (2013): 512 qubits. NASA, Google, USRA
D-Wave 2X (2015): 1152 qubits.

D-Wave 2000Q (2017): 2048 qubits.




KBAHTOBAA KPUMTOI PAGUA

Public classical authenticated channel
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June 2016: first publicly known long-range quantum secure channel
in Russia.



VIPABJIEHVE KBAHTOBbBIMW CNCTEMAMU

Quantum control (1980th): Belavkin, Butkovskiy, Brumer, Rabitz,
Rice, Shapiro, Tannor.

Quantum control (now): Extremely high interest. Groups in
Princeton, Harvard, Weizmann, Ecole Polytechnique, RQC, etc.
More than 1300 papers/year.

Nobel Prize 2012 in Physics: S. Haroche and D. Wineland for
experimental manipulation of quantum systems.




VIPABJIEHVNE OTKPbITBIMI KBAHTOBbBIMI
CUCTEMAMI3

HeKOFepeHTHOE ynpaBi€HNe OTKPbITbIMN KBAHTOBLIMN CACTEMaMU,
B T. 4. C NCNOJIb3OBAHNEM KBAHTOBbIX I/I3Mep6HVII7I:

e Pechen, Rabitz, Phys. Rev. A (2006).
o Pechen, Phys. Rev. A (2011).
e Pechen, Trushechkin, Phys. Rev. A (2015).

3CoBM. c TMpPUHCTOHCKIM YHNUBEPCUTETOM.



JNIAZEPHASA XUMUA 1 PA3OENEHNE N30TOMNOB*

Lyakhov, Lee, Pechen, “Some issues of industrial scale boron isotopes
separation by the laser assisted retarded condensation (SILARC)
method”, IEEE Journal of Quantum Electronics (2016); Separation
and Purification Technology (2017).

*CosM. ¢ yHusepcutetom Yemky, Kopes.



JNTAHAWADTEI 3AAAY YITPABJIEHUA OTKPbLITBIMM
KBAHTOBbIMW CUCTEMAMI®

dv:
dt

= —i(Ho + u(t)V)¢r,  F(u) = [(ts, 1) = max
Theory (trap-free property)

o Closed systems: Rabitz, Hsieh, Rosenthal, Science (2004).

e Open systems: Pechen et al, J. Phys. A, J. Math. Phys. (2008).

Applications:
e Chemistry: Moore, Pechen et al, Chemical Science (2011).

e Fitness landscapes in evolution: Feng, Pechen et al, Chemical
Science (2012).

e Ultrafast control: Pechen, Ilyn, J. Phys. A (2017).

5Coem. c MpuncTonckum yrnsepcutetom u Wctutytom-Beliumana.



OTKPbITBIE KBAHTOBbBIE CNCTEMBI

Ab initio dynamics of an open quantum system:

e Hilbert space H = Hs ® Hg
e Hamiltonian H = Hg + Hg + Vint

e Initial state p = pp ® wg,
wi(a) aw) = nkd(k — k')

Main object: reduced system density matrix

ps(t) = Trg[Us(po ® wr) Uf]



MPUBJINMEHHBIE METO/LbI

e Impossible to compute ps(t) exactly for realistic models
e Needed approximations

o Weak coupling limit (WCL)
o Low density limite (LDL)

e Exactly solvable dynamics in the WCL and LDL



METOZL CTOXACTUHECKOIO MPEAENA

Weak interaction between the system and the environment
e H = Hs + He + A Vi

o Weak coupling limit: A — 0, t — 400, Nt =1

Main objects:
e Reduced dynamics: ps(7) := J\imOPS(T/)\z)
%

e Total dynamics: U, = lim Uy(7/\?)
A—0



METO/L CTOXACTUHECKOIO NMPEAEJA
Stochastic limit method for WCL (Accardi, Lu, Volovich):®

e Quantum white noise [b(7), b™(7')] = 6(t — 7')
e Quantum Stochastic Differential Equation (QSDE)

e Master equation

dps(7)
dr

= —i[H, ps(7)] + Lwcrps(T)

Higher order corrections’:
Un(1/X?) = Uy + Z)\”

6Accardi, Lu, Volovich, Quantum Theory and lts Stochastic Limit.
"Pechen, Volovich IDAQP 2002



NPUBIVXKEHUE MAION NJIOTHOCTU

e Gaussian state of the environment
—+ _ /
wi(ay aw) = end(k — k')
e Low density limit: ¢ — 0, t — 400, €t = 7 = const

e Master equation derived by using BBGKY hierarchy (Diimcke,
1984):

dps(T1)
dr

= —i[H, ps(7)] + Lrov[nk]ps(T)




NPUBIVXKEHUE MAION NJIOTHOCTU

Theorem 8 Limiting dynamics is given by QSDE
dU, = dN,(S - 1)U,

e dN. — quantum Poisson process;
e S — two-particle scattering matrix.

8 Accardi, Pechen, Volovich IDAQP 2003; Pechen J. Math. Phys. 2004.



YIMPABJIEHNE C NCMOJIb3OBAHVNEM PE3EPBYAPA

HeKorepeHTHoe ynpaBneHmeg
d .
T = —ilHo+ Vu(t), pel + Lo (p2)

Zn,(0) = ZAU [(nw; + D)Ly i1(P) + sy Lyjyiir (0)]

Applications: Aharonov, Kitaev, Nisan, Quantum circuits with
mixed states (1998); Tarasov, Quantum computer with mixed
states and four-valued logic (2002); Verstraete, Wolf, Cirac,
Quantum computation and quantum-state engineering driven by
dissipation (2009), etc.

CO3AaHI/Ie MPOU3BOJIbHbIX MaTpuLy NAOTHOCTU p ANA N—YPOBHEBbIX
KBAHTOBbIX CVICTEM]'O

®Pechen, Rabitz, Phys. Rev. A 2006.

10Ppechen, Engineering arbitrary pure and mixed quantum states, Phys. Rev.
A 2011.



SAKJTKOHEHWE

PazpaboTaH MeTOf CTOXaCTUYECKOro mpefesna — MOLLHBbIN
METOZ, U3yYeHUs1 AUHAMUKN OTKPbITbIX KBAHTOBbIX CUCTEM.

ﬂpOBOJJ,ﬂTCﬂ nccnenoBaHmsAa B obnactu ynpaBaeHns
KBAHTOBbIMW CNCTEMaMWN.

Okpy»xeHue (pesepsyap) — nonesHblli pecypc B 3agadax
YNpaBieHNst OTKPbLITEIMU KBAaHTOBBIMI CUCTEMAMN.
KeaHToBasi Kpuntorpacusi, KBaHToBasi uHopmaLus,
nasepHoe pasfesieHne U30TOMNoB U T.A.



