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3 PazpyineHue KBaHTOBOI KOrepeHTHOCTH
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CBepxnpoBOOAHUKOBbLIE KBAHTOBbLIE OUTbI

Tononorn4yeckne KyouTbl u
MauopaHOBCKME HyreBble MOAblI

* KBaHTOBbIE BbIYUCIIEHUSA: KOHLUENUUa + TpeboBaHUs K peanusaumm
* CBepXNPOBOAHMNKOBbIE KYyOUTbI: NPUHLKXM paboTbl
* Bnuanue wyma, Tononorndeckne KyonTol

° KBaHTOBbIe aJ'IFOpI/ITMbI
FO. MaxnuH



KBaHTOBbLIE KOMN bOTEPbI
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Noyemy KBaHTOBbLIE?
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B KBAHTOBO-MEXaHNYECKUX CNCTEMAX

- DbonbLUag BblMMCNUTENbHASA MOLLHOCTL?
(P. ®eitHmaH, [. Aowny) - NPUOOPBLI: HOBbIE MHTEPECHbIE BOMPOCHI

anroput™m MN.Wopa: pasnoxeHne Ha MHOXUTENN
3a nonnHommansHoe Bpemsi, 1994




TpeboBaHUSA K peanu3auum KBaHTOBbIX KOMNbIOTEPOB
(4.AmBunHyeHuo 1997
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TpeboBaHUA K peanu3ayuum KBaHTOBbIX KOMNbIOTEPOB
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Quantum computations

V Barenco ‘95

YHUBepcasnbHbIN Habop 1-kyouTHble + CNOT (unn noytn nodas
KBAaHTOBbLIX onepauuu 2-ky6. onepauus)
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* NpuroToBrieHne HavaribHOro COCToAHUA
KBaHTOBbLIE dnMropuTmMbili P @
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Oxxo3echpCcOHOBCKME KBAHTOBbLIE ODUTLI
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JKCNEepPUMEHT: KOrepeHTHbIe KonebaHusa A. Hakamypa v ap., 1999
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Pusnyeckme peanusaumm Kyoumton
WUOHHbIe NoBYyLUKK
[Cirac & Zoller, ...]
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Kouwenhoven et al. (Delft)



BnusaHue oKkpyxeHus, LLym



MoTepsi KOrepeHTHOCTU: UCTOYHUKMN LIyMa
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Measurements: averaging over exp. runs

average values oscillate Huxe qubat, Drelft
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phase randomization — decay of oscillations
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HapyweHune KorepeHTHOCTU, OLULMOKU BbIYUCIIEHUMN
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AV

KBaHTOBAas KOrepeHTHOCTb TepseTca Yepe3 HeKkoTopoe Bpemsa T, v,

+ HETOYHOCTb BbINOJIHEHUA onepau,m‘/'l
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[Mpobriembl ¢ ucnpaBfieHneM OLNOOK:

1) aHanoroBbIN???
2) OeTekTMpoBaHue owmnbokK: namepeHne paspyLllaeT KBAHTOBOE COCTOAHME

Quantum error correction Shor 1995
noporoBaga Teopema




Tononornyeckue KBaHTOBblI€ BbIYNCIIeHUSA



HeabeneBa cTaTUCTUKA
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6030HbI / PepPMUOHbI 2D: anyons 2D: non-Abelian
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Majorana fermions: O
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Quantum computation and Knots

Quantum and Topological Entanglement

Majorana zero modes Quantum Computation
A
measure time quantum measurement
braid gquantum gates
create initialization

v

space

S.H.Simon, Topological Quantum



Majorana fermions in the Kitaev model

Majorana fermions at an interface of topological and trivial phases Kitaev '00

Kitaev model
N 1

N
— 1 ZCL% —t {Clcx+1 + cpcp0q1 + hoc

ce = (v +iyP)

**u Z% Yo it Z%@ Vo1



Ground-state degeneracy

- trivial case, t=0

wele
non-degenerate ground state

- p:O
YL TR
degenerate ground state

[90) and |¢1) = vr|v0)

. —L topological
In a long finite chain: H =117172, Toce M/ protection



Majorana zero modes and topologically protected qubits
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Braiding as a quantum logical
operation for quantum computing
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Albrecht et al. 2016
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MaiopaHoBckue HaHonpoBonoku: Majorana 1 (2025)
b

a
Dielectric 2 Gate
layer 1
Dielectric 1
Al
Top barrier
InAs
Buffer
Gate
layer 2

Tononornyeckuin 4xxo3edCoHoBCKUN STIS-KOHTaKT
akcriepmmeHT: Urbana, Harvard

Extended Majorana states around junction
and beneath superconducting electrodes
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-25-20-15-10-5 0 5 10 15 20 25
Magnetic Field (mT)

(b)
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Localized Majorana Proximitized-
bound states topological insulator

Bi,Se;

Critical Current (uA)

Yue et al., UIUC (2024)

Magnetic Field (mT)
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