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YV pobomi nobydosana edockonanrena cxema 0emepmMiHOBAHO20 CMBOPEHHS KEAHMOGUX CMAHIE
Mixke 6e3 euxopucmanns O0odamkosux Kyoimis. Hesnaune nocnabrenns mononoeii aiHitiHO2O0
NIOKIIOUEHHSL HAUOIUNCHO20 CYCIOa D0380UN0 3MEHUUMU KIIbKICTb GUKOPUCTOBYBAHUX GEHMUILIE

3 0(kn) 0o O(n) ons cmany Mixke ‘ Dy >

KarouoBi ciioBa: CHHTE3 KBAHTOBHX CXEM, CTaHM J[iKke

Cranu Jlikke [1] € BigoMuMu B KBaHTOBIH MOZENI 00YHCIIEHD BKE JOCTATHBO JABHO i €
B)KIMBUM KJIACOM KBAaHTOBUX CTaHIB 3 BEJIMKOI KUIBKICTIO 3aCTOCYBaHb W BIIACHOIO
ICTOpIi€I0 MPaKTHYHMX peatizaliid y (Gi3nYHnX cCUcTeMax.

Cmanom [lixke (anrn. Dicke) ‘D£>,z[e neN, n>0,takeN, 0<k<n,

HA3UBAIOTh PIBHOMIPHY CYMEPIO3HILiI0 BCiX N KyOITHUX CTaHIB | X> TaKMX, 10 Bara

XeMMiHTa 3HaYeHHS X JOPiBHIOE K, To6TO ‘DE > = n Z| X> .
xe{0,1)" ,Ham(x)=k

Crann Jlikke TpeACTaBISAIOTH IHTEpPEC, OCKIUIBKM IX 3alUlyTaHicTh €
MaKCHMAaJIbHO CTIMKOIO 1 Ha/JiHHOIO NPH YaCTKOBHX BTpaTax 4aCTWHOK. Taki CTaHU €
Ba)XXJIUBOIO CKJIQJIOBOI0 YACTHHOKO TPH pI3HUX 3aJadax oOOpoOKHM KBaHTOBOI
iHpopMallii, TAKUMH SIK KBaHTOBUH OOMiH MiX OaraTbMa ydYacHHKaMH Ta METOJ
KBaHTOBOI METpPOJIOTii NMpH BUMIPIOBAHHSIX, a TaKOXK 3a/ladyaX KBAaHTOBOI HAOIKEHOT
ontumizamii. He3Baxkatoun Ha ycrminiHe eKcliepuMEeHTalIbHE CTBOPEHHS cTaHiB Jlikke y
(Gi3MYHMX CcHCTEMax, KBaHTOBO-MEXaHIYHMX CHUCTeMaX, JOCHTh JOBIHH dYac He
icHyBaJIO e(DeKTUBHMX KBAHTOBHX CXEM JIJIsl CTBOPEHHS TOBUTbHUX cTaHiB Jlikke.

Tak, B pAeskMx BHUMNAOKaX BHUKOPUCTOBYBAIMCS WMOBIPHICHI METOAH 3
BUKOPUCTAHHSM IEPETBOPEHHST AJamapa, METOJ 3 IOCTOOpPOOKOI0 BUMIPIOBaHb Ta
JNOJAaTKOBUMHU pEricTpaMu Ui OOYMCIIeHb, WMOBIPHICHI METOOW 3 BHKOPUCTAHHIM
KJacu4yHoi iHpopMalii I KepyBaHHS KBAaHTOBMMH II€PETBOPEHHSAMH Ta iHIIL. 3
iHIIOro OOKy, 3Ba)Karouu Ha IIMPOKE 3aCTOCYBaHHS TAKHX CTAaHIB Y PI3HUX KBaHTOBHX
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aNTOpPUTMAaxX, CTBOPEHI TaKOX HAONMKEHI METOOM CTBOpEHHsS cTaHiB Jlikke 3
BUKOPUCTAHHSAM OIEKTUBHHMX BiJOOpaKEHb BIJIOBIJIHUX 3HAYCHb Ta iXHBOIO
ANpPOKCUMAIIIEI Y BUTIISAI KBaHTOBUX cTaHiB. CTaHu JliKKe € MOYaTKOBUM €TaroM IS
PO3B’ 13Ky 00OMEKEHOT0 BHIIAAKY 3a1adi [ poBepa 3 (hikcoBaHOO Baroo.

Brniepmie nerepminoBaHa mporeaypa cTBOpeHHs cTaHiB Jlikke 63 BUKOPHUCTaHHS
J0aTKOBUX KyOITiB 3’siBtacsi B 2019 poni B po6oTi [2] 3 BUKOpHCTaHHSIM TOMOJIOTIT
JiHIHHOTO MiAKIFOYCHHS Haibmmkdoro cycima (amri. Linear Nearest Neighbor a6o
LNN), xomm O6araTokyOiTHI TEPETBOPEHHS 3aCTOCOBYIOTBHCS TIIBKH OO CYCITHIX
KyOiTiB, OCKUIbKM TaKi OOMEXKEHHS 4YacTO BHUHHUKAIOTh y CYYaCHHUX KBaHTOBHX
00YHCITIOBATLHUX TPUCTPOSIX.

Jami HeoOXiJHMM € BUKOPHUCTAHHS ITEBHUX O3HAYEHB Ta TBEPIKEHb poboTu [2].

Jlema 1. [2] Jlna nosineamx 3mauenr Ne N, n>1, ta ke N, O0<k<n,

BHKOHYETBCS TOTOXKHICTb ‘ D, > = \/E ‘ D > ® |1> + /n—;k‘ D;*l> ® | O> :

Keanmosum nepemsopennam  SCS,. [2], neN, n>1, ta meN,
0 <m<n, Ha3uBaTh TaKe yHiTapHe MEPETBOPEHHS, IO IS JOBiILHOIO 3HAYEHHS

®k+1 ®k+1 ®k+1 A
D =[n) i

keN, 0<ks<m, SCS,[0)""=]0)"",  scS,|

SCSnYm |O> ®mfk+l| 1>®k — \/E| 0>®m—k+l| 1>®k + n—;k| 0>®mfk| 1>®k| O> .

B pob6oti [2] meperBopenns SCS,, mnoOymoBaHO 3a JONOMOIOK OJHOTO

nBOKyGiTHOrO BeHTHIsA Ta K —1 TpUKYGITHUX BEHTHIIIB, BUKOPHCTAHHS AKHMX JI03BOJISE
peanisysaru neperBoperss SCS. - st noBinbHOro 3uavenns K, 0 <k <m.

OnHOKYOITHUM MIEPETBOPEHHAM Y -o6epraHHsIM € [IepETBOPEHHS
cosfd —siné .
R, (20)=| . OnnokybiTHe mneperBoperHs: NOT Bu3HauawTh SIK
sing  cos@
01 ) _
NOT = 1 o) abo wMarpumro Ilaymi X . KoHTponboBaHi IepeTBOPEHHS

BH3HAYAIOTh 3 BBEJCHHSM OIHOTO a00 JIEKITbKOX KepyHUWX KyOiTiB, SK HAIpPUKIAI,

seutwiib CNOT . 3a ngomomoror BepxHBOro iHgekcy OyaeMo 3a3HauyaTd HOMEpA
KyOiTiB, JI0 SIKMX 3aCTOCOBYEThCS TIEPETBOPEHHS, BBKAIOYH, IO HyMepallisi KyOiTiB B
KBaHTOBOMY pEricTpi BHKOHYETHCS CIpaBa HaliBO, MOYMHAOYM 31 3HaueHHs 0.

Busnaunmo JIBOKYOiTHE MIEPETBOPEHHS R, TaKuM YUHOM, 10

|Xy), skwgo x =y
R1(| xy>) = \/%|Ol> . fnT_]_|1o>’ o xy =01 e X,y € {O,l}. Takox BU3HAYUMO

TpukyGitHe meperBopenns R, mns Beix smauvens | e N, 2 <1 <n, takum umHOM,
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| Xyz), swo Xy =00, xyz =010, xyz =111

R = -  ne X,Y,2 € {01},
o Rey (72) \E|011>+ /”T'|110>,;m,o xyz=o011""¢ 7 z< o)

Pe3ynbraT HACTYMHOI JIEMH BHKOPHCTOBYIOTHCSI B poboTi [2], ame okpeme
(opMyITIOBaHHS Ta OTPUMaHE TOBHE JOBEACHHS I[HOT0 TBEPKEHHS € JOTOBHEHHSIM
10 pobotu [2].

Jlema 2. J[ist 1OBibHUX 3HAUEHb X,Y,Z € {0,1} ABOKYOiTHe mepeTBopeHHs R

MOXKHA TPEICTABUTH y BUTISL qu xy>)=
= CNOT*®| CR%! 2cos‘1\/% (CNOT**(|xy))) |, a Tpuxy6itse nepersopenns R,
mis posimbHoro suauenns le N, 2<I<m, moxma nupencrasutn y BurIsmi
R,,(|xyz))= CNOT 29 CCR®*2 2cosl\ﬁE (eNOT (| xy2)))|.

Jlema 3. [2] dns nosineaux 3nauens Ne N, N>1, me N, 0<m<n, ta qua
nosineHoro 3uadenns KeN, O0<k<m, xsanrose mneperBopenns SCS,

m-2 _ o _
MPEACTABIISIETHCS K (I ®(m-1) ® Rll ‘O)H(I ®(m-i-2) ® R;f"ﬂ’o R )
i=0

Keanmosum nepemeopennam UDn’m ,neN, n=1, ta meN, 0<m<n,

Ha3MBAIOTh TAaKE YHITApHE IEPETBOPEHHS, IO Ui aoBimbHOro 3HadeHus K e N,
®n—k |\ ®k
0<k<m, UD,,[0)" " [))” =|Dy) .
3rizHo 3 o3HaueHHsM kBaHTOBe neperBopenns UD, .~ mosBomse orpumaru He
o n o o . n .
muire cra" JIlikke ‘Dm>, a # yci cranm Jlikke ‘Dk> Ul OBUIBHOIO 3HAYEHHS

0<k <m. Ile 3yMOBJIEHO iTEPATUBHUM IIiJXOJOM JO TOOYJOBH MEPETBOPEHHIM

ub

\m » IKMI BUKOPUCTOBY€E BJIACTUBICTb, JIOBEJEHY B jieMi 1.

Jlema 4. [2] Jlna nosinbrux 3nadenr Ne N, n>1, ta meN, 0<m<n,

KBaHTOBE HePETBOPEHHS ub IPEICTABIISIETHCS SIK

nm

UDb,, = H(I =AU @scsmm ' @ ®<n—|>), ﬁ(scsﬁjn_| o1 @(M))

I=m+1 1=2

. . 5
HpI/IKJ'Ia,Z[ KBAaHTOBO1 CXEMU JIs1 OTPUMAHHA CTaHY ILIKKC ‘D3> HaBCJACHO Ha

k S
puc. 1 (,/— — BEHTHJII BiANOBIJAIOTH IEPETBOPCHHIO Ry 2cos ™, |— )
n n
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Puc. 1. KBaHTOBa cXéMa CTBOPEHHS CTaHy JlIKKe ‘ D, >

CknanHicTh Takoi mpoueAypu NoOymoBu crany Jlikke ‘D; > , BITHOCHO

KIJIBKOCTI €JIEMEHTAPHUX KBAHTOBHX BEHTHJIIB OLIHIOETBCA SIK O(kn), OCKIJIbKH

HeoOximHo N meperBopers SCS, koxkHe 3 axkux Bumarac 3K 1BO- Ta TPHKYOITHHX
. n . .
BeHTUIiB. [lpu 3Hauennsx K Gnu3bkux 1o E IS CKJIAJHICTE OLIIHIOETHCS SIK O(nz).

IcHYIOTh TaKoX pe3yJabTaTH MIOAO0 CTBOPEHHS KBAaHTOBUX CTaHiB Jlikke mpH
BUKOPUCTaHHI MOMJIMBOCTI BHKOPHCTOBYBAaTH Oyab-siki KoMOiHamii KyOiTiB B
0araTokyOITHUX MEPETBOPECHHSIX, HANPUKIad, B poooTi [3] 2022 poky 3anmpornoHoBaHa
JeTepMiHOBaHa MpoIeaypa 6e3 BUKOPUCTAHHS JOJATKOBHUX KyOITiB 3 TNIMOMHOIO CXeMHU

n .. . .
O| k |OgE , JIe 3arajibH1 KUIBKICTh BEHTHUJIIB 3AJIMIIAETHCS O(kn), IIPU LIOMY

aKTUBHO BUKOPUCTOBYIOTHCS Pi3HI MOETHAHHS KYOITIB B ONepallisx.

OcobmmBoCTi peamizarlii HasBHUX KBAaHTOBHX OOYHCIIOBAILHUX IPUCTPOIB
MOKa3y0Th, 10 JKOPCTKI OOMEKEHHS TOMOJOril JIHIMHOrO  MiJKIYCHHS
HaHOJMKYOro Cycijja He 3aBXIH € OO0OB’S3KOBMMH, aje B OLIBIIOCTI BHITAJIKIB
JOBUTbHE TOE€THAHHS KyOIiTiB B OIlepamisix MO)ke 30UTbIIYBaTH PiBEHb MOMUIOK
obumncnens. ToMy 3apa3 € IIKaBUMH pe3yJbTaTH, $Ki IMOPYIIYIOTh TOIIOJOTi0
JIHIAHOTO MIAKIIIOYEHHsI HAMOIMKYOro Cycia B He3HadHid wmipi. Tak, 3a paxyHOK
TaKMX TIOpYUIEHb TOMOJIOTIl aBTOPY BHAJOCS SIKICHO 3MEHIIUTH KUTBKIiCTh
BUKOPHCTOBYBaHHX BEHTHUIIIB.

Jlema 5. JIna mositeHux 3HadeH Ne N, N>1, me N, 0<m<n, ta ma
nosineroro 3Hadenns KeN, O0<k<m, xsauroBe mneperopenns SCS,

MNPEACTABIISIETHCA K

NOT ™ -CNOT ™™*.CNOT ™°-CR,™| 2cos™ % - CNOT *™*.NOT ™.

Hosenennsi. 3adikcyemo Jneski smagenns NeN, n>1, ta meN,
0<m<n. Jlna posineHoro 3mauemHs Ke N, O0<K<m, posrngmemo cran

®m-k+1| .\ ®k . .
| O> |1> KBaHTOBOTO perictpy 3 M+1 ky6iTamu. 3acTocyBaHHS EPETBOPECHHSI

®m-k ®k
NOTm nepeBeac CcraH CHUCTEMHU B 3HAYCHHA |1>|0> |1> . 3aCTOCYBaHH${
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—k @m-k-1) . \ ®k+1 .
nepetsopenns CNOT ™™ nepesene cran y 3HaueHHs |1>| O> |1> , a Ticis

nepersopenrss  CNOT ™ cran  6ygme |1>|0>®m_k_1|1>®k|0>. I[lepeTBOpeHHs
CRym’0 2COS_1\/% 3p0OUTH ~ CTaH  pIiBHUM \/E|1>|O>®mkl|1>®k|l>+

+ /n—_k|1>|0>®m7kfl|l>®k|0>. ITicnst 3acToCyBaHHsS MEPETBOPEHD CNOT ™ * 14

®m k+1 ®k ®m k ®k
NOT™ cran cucremu craHe piBHUM 1/ |O |1 1/ |0 |1 | >

TOOTO TaKi MEPETBOPEHHSI € EKBiBaJICHTHUMH TIEPETBOPECHHIO SCS

Hacniook. KinbKicTh eJleMEHTapHUX BCHTHIIIB, HCO6X1I[HI/IX JUTS peaﬂi3aui'1'
kBaHTOBOro meperBopenns SCS | Mae omiHKy O(l), a swaunte cramHicTs
nepetsopernss UD, ~ BiIHOCHO KiNBbKOCTI BEHTWIIB € TOYHO IiHiHHOW0, a He

KBagpaTHuHOIO. [Ipr 1boMy Maiie BCi IBOKYOITHI MepeTBOPEHHS BUKOPHUCTOBYIOTH
0-mit KyOiT, IO MO3BOJISIE ONTHUMI3yBaTH TOIOJIOTii OOYHCIIOBAIHLHOTO IPUCTPOIO
HaBiTh 3a opyuieHs Tomosorii LNN.

BucHoBku. TakuM unHOM B po0OTI MOOY/J0BaHA MOKpaIlleHA CXeMa JIETEPMIHOBAHOTO

CTBOPEHHS KBaHTOBUX cTaHiB JlikKke ‘ D, > 0e3 BUKOPUCTaHHS JOJATKOBUX KYOITiB i3

3MEHIIIEHO0 KUTBbKiCTIO BUKOPHCTOBYBaHUX BEHTHUIIIB, SIKa Ma€ OLIHKY O(n).
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Improvement of the deterministic preparation of Dicke states

Andrii Fesenko

An improved scheme for the deterministic creation of quantum Dicke states without the use of
ancilla qubits is constructed in the paper. A slight weakening of Linear Nearest Neighbor topology
made it possible to reduce the number of used gates from O(kn) to O(n) for the Dicke

state ‘ Dy >
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