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NuBepcusi KyOuTa HA OCHOBE ABOMHOW KBAHTOBOM TOUYKH,
ynpasJisieMoil MOJISIMH Jia3epa U pe3oHaTopa

A.B. L[yKaHOBl‘Z, B.I'. Yekmaues™?

o 1 . o 2
®dusnko-TexHonorundeckuii ”HCTUTYT PAH™, MoCKOBCKHI (PU3UKO-TEXHUYECKU HHCTUTYT

B mameit pabote paccmMaTpuBaeTcs OTHODJIEKTPOHHAS MBOWHAs kBaHToBas Touka (JIKT),
TIOMEIICHHAas! B BBICOKOIOOPOTHBIA ONTHYECKUH pe3oHaTop. JlaHHAs CTPYKTypa MOXXET
UCTIONB30BAaThCS  JUIA  KOJMPOBKM  KBAaHTOBOW WHGOpPMAlMi B  JIOKAJIH30BaHHBIC
OJTHORJIEKTPOHHBIE COCTOSHUSI, TEPEPaCIIPEICNICHHE 3aCEICHHOCTEH KOTOPHIX (KBAaHTOBBIE
omepanyu) OCYIIECTBISAETCS C IOMOINBIO ONTHYECKUX MOJIel Ja3epa M pe30oHaTopa.
JluHaMuKa CHCTEMBI MOAEIMPYETCSl IIPH MOMOLIM ypaBHeHHs JIMHIONama Juis MaTpuIbl
IUIOTHOCTH, @ WHBEPCHS COCTOsiHMEM KyoOuta (miam omepammss NOT) moxer ObITh
peanuzoBaHa C Xopoured TO4YHOCTbIO. COOCTBEHHBIE YacTOTHI 3JIEKTPOH-(OTOHHOI
CHUCTEMBI, Ha KOTOpBIX onTuyeckoe BoszeciictBue Ha JIKT ocobenHo 3ddexTusHoO,
PacCUNTHIBAIOTCS YUCIEHHO ITyTEM MOJEIHPOBAHMS CIIEKTPOCKOIIMYECKOTO OTKIIHKA.

1. BBenenune

[lonynpoBoguukoBele  kBaHTOBble TOukH (KT), KoTOpple Takxke HHOrZA  HAa3bIBAIOT
WCKYCCTBCHHBIMH aTOMaMH, SIBJISIOTCS aKTHBHO HCCIEyeMBbIMH OOBEKTaMH, KaK B TEOPETHYECKOWM,
TaK M B DKCIIEPUMEHTaNIbHON ¢u3uke. Bo3MokHOCTE GOpMUpOBaHUS YIOPSAOUCHHBIX CTPYKTYp Ha
ocHoBe KT BMecTe ¢ JOCTYMHOCTBIO KOHTPOJS CHEKTPAIBHBIX U KOTEPEHTHBIX CBOWCTB OTAEIBHBIX
KT penmaer uX TNeEpCHEKTUBHBIMH KaHOWIATaMW JUIsl HMCIOJB30BaHMs B 00JacTH KBaHTOBOH
UHQOPMAIUK, 2 UMEHHO, U1l JOPMUPOBAHHS HA UX OCHOBE KyOUTOB.

B mnameit paboTte paccMmarpuBaeTcs CHUCTEMa, COCTOAIIas W3 OAHOTO 3nekTpoHa u nByX KT,
pa3eleHHBIX MOTCHUUAIbHBIM OapbepoM, KOTOPBIH NPEHsITCTBYET TYHHEIMPOBAHUIO BIIEKTPOHA
MEXJY WX OCHOBHBIMH COCTOSHHSMHU. BoHOBbIE (QYHKIMH D3IEKTpOHA B O3THX COCTOSHHSIX
nokanu3oBaHbl B Kakaod u3 KT. Hamportus, anekTpoH B Bo30yxaeHHOM coctosiuun KT, nexamiem
BOJMIM3M BepIIMHBI Oapbepa, MOXKET TYHHEIUPOBATH MEXAY TOYKaMH. TakuM o00pa3oM, OCHOBHBIE
cocrosiHusi B KT COOTBETCTBYIOT JIOTMYECKMM COCTOSHHAM KyOWTa, a BO30Y)KICHHBIE COCTOSHHSI
OyIyT SBISATHCA B JAHHOM CITy4yae BCIIOMOTaTebHBIMU TPAHCIIOPTHBIMU YPOBHSMHU.

KBaHTOBBIE oOmEpanuu OCYLIECTBIAIOTCS C TOMOLIBIO TOJEH Jlazepa M ONTHYECKOTO
BBICOKOJJOOpOTHOrO MHKpope3oHaropa (MP) Ha wacrorax pe30HAaHCHOTO IiepexolaM MEXAY
JIOTHYECKHMHU COCTOSIHUSIMH KyOHWTa W BCIIOMOTATENbHBIMH COCTOSIHUSIMU JIENIOKATU30BaHHBIMU B
JKT. [TockonbKy JIOTHYECKHE COCTOSIHHS SBJISFOTCSI OCHOBHBIMU cocTosiHusiMA KT, Takol KyOuT, Kak
okuaeTcs, OyeT JOCTaTOYHO CTa0HJIIeH.

B naHHO# paboTe ydTeH psii JTUCCUIATHBHBIX 3()(EKTOB, CBOHCTBEHHBIX OIMCAHHOMN BBIIIE
cucreme Ha ocHoBe JIKT. HekorepeHTHble mporecchl MpeAcTaBiIeHbl yxojoM (oToHOB 3 MP
BCJIEICTBUE €T0 HEUACATBHOCTH U CIIOHTaHHBIMHU mepexoaaMu Mexnay ypoBHsamu KT. Kak Mbl
YBUJAMM, HECMOTpPS Ha TPUCYTCTBHE 3THUX IHWCCUIATHBHBIX IPOIIECCOB, JJEMEHTapHas KBAaHTOBAs
omneparusi uaBepcun (BeHTWIH> NOT) MOKeT ObITh peann3oBaHa HA JAHHOM KyOHTE C JOCTATOYHO
BBICOKOH TOYHOCTBIO.

2. Mopesb ¥ OCHOBHbIE YPaBHEHUS
Paccmorpum mapy nByxypoBHeBEIX KT (A u B), moMemieHHBIX B OJHOMOMOBEIIT MP, xotopas

COJICP)KHUT OJIMH DJIEKTPOH. [loTeHIMaNbHbII MPOGUIL CTPYKTYPHI B HANPABJICHUH POCTA U CXeMa ee
9HEPreTUYECKUX YPOBHEH MOKa3aHbI Ha puc. 1.
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Jlazeptioe uznyyuetie
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Puc. 1. Cxema qBOWHON KBAaHTOBOHW TOYKH B KOMOMHHUPOBAHHOM IIOJIE JIa3epa M pe30HATOpA.

I'amunpTOHMAH cHOPMUPOBAHHON TaKHM 00pa30M deThIpexXypoBHEBOH omHOAMeKkTpoHHOM JIKT m MP
UMEET BU]I,

Ho = o,a"a+&,,| AO)(AO|+ &4, BO)(BO| + &, | AL) (ALl + &, | BL)(B1| -V (| AL)(B1|+ | BL)(AL), (1)

rae o, - yacrora Moasl MP, a — oneparop yHuuTOXeHHs (POTOHA B TAHHOU MOJE, €,4,Egqs Eprs Epy -

sHepruu ypoBHel uzonupoBaHHBIX KT, V > 0 — MaTpuuHBIl 37eMEHT (SHEprusi) TyHHETUPOBAaHUS
JNIEKTPOHA MEXKAY B030YkaeHHbIMU ypoBHsiMH KT (3mech m manee monaraeM moctosiHHy®O IlnaHka

paBHoii equnwnie). [lone MP BpI3bIBaeT BepTUKATBHBIE TIEPEXOIBI |A0> © | A1> u | BO> © | Bl> MEXITy
OCHOBHBIMU (| AO> u | BO>) 1 BO30YK/ICHHBIMH (| A1> u |Bl>) cocrosiHusiMH KT, koTOpBIe ¢ yueToMm a)
OpUONMVKEHHsT  Bpaljaromeiics BOMHBI W 0) JWNOJIBHOTO  NPHOJNMKEHUS  OTHCBHIBAIOTCS
raMmuibToHHaHOM JlkeliHca-Kammunrea

Hye =9, (| A0)(Alla” +|AT)(AO|a)+ g, (|BO)(BLja" +|B1)(BO|a), @)

rae g, U Jg - He 3aBUcAmME OT BpeMeHU koddduuuentsl B3aumoneiictust JKT nu MP (dacrors

Pabu). Yacrota amektponHoro mepexona B KT A (B) paBHa pa3HOCTH SHEPruil €€ COCTOSIHHIA:
Dpg) = Enan ~ Ene)p- Kpome xBanToBoro mosss MP, JIKT anamorndasiM oOpa3oM B3aUMOJEHCTBYET

eI1e U C Ja3epHBIM (KJIACCHIECKUM) TI0JIEM, 3aaBAEMBbIM TaMUJIbTOHHAHOM
H, =9, cos(e, t)(| AL)(A0|+| AO)(AL|)+ €, cos(e, t)(| BL)(BO| +|BO)(BL|), 3)

rae Q, u €, - He 3aBUCALIME OT BPEMEHH aMIUIUTYAbl (d4acToThl Pabu) naszepa B KT 4 u B, a o, -

yacToTa jasepa. Takum o0pa3oM, monHbii ramuiabToHuad JIKT B KBAHTOBOM M KJIACCHUECKOM ITOJISIX
MIPEJICTaBIISIETCS B BUAE CyMMBI BeipakeHuit (1), (2) u (3):

H=H,+H,+H_. (4)
OtmeTtuM, uTO B MoJenu (4) Mbl IpeHeOperaeM TYHHEITMPOBAHUEM MEKAY OCHOBHBIMU COCTOSIHHSIMH
KT, a Takkxe quaroHaapHBIMH ITEPEX0aMHU |A0> <—>| Bl> H | BO> <~ | A1> .
Jna manpHeimeit paboTel ¢ BeIpakeHUEM (4) yIoOHO MepeTH B CUCTEMY OTCUETa, CBI3aHHYIO C
J1a3epoM, C IOMOIIIBIO YHUTAPHOTO MpeoOpasoBaHus T = exp[—iooL (| AL)(Al| +|B1)(B1| + a*a)t]. [pu
9TOM raMuIbTOHHAH (4) peobpasyercst Kak

G e OTT o
H=THT +i T =H, + Hye + HL, 5)
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rae

A, = Aa"a- 2 (A, +3, - 5,)(|A0) (0] - BO)(B0])
(6)

58048, =) A AL+ (5,8, +A,)| BL)(B] -V (| A1) (BL+ B} (A1),

Fi, =2 (| A1) (0| + | A0) A1)+ == | L) (BO| + [BO)(BL) Hic = Hac

W BBEACHBI CJeIylolmre O0O3HAYeHHS: A - Ppa3HOCTh DJHEPruid OCHOBHBIX

o) = €so) ~ Eao)
(Bo30yxnenubix) cocrostanii KT A u KT B, § A®) = Onp) ~OL ~ oTcTpoiika gactot nepexona B KT A

(B) u nazepa, A AE) = P ~ D) " orcrpoiika yactror MP n nepexona B KT A B) u A=w, —o, -

orcTpoiika yactor MP u mazepa. OOpamaeM BHMMaHHME Ha TO, YTO B HOBOW CHCTEME OTCHUETa
raMHJIbTOHHAH HE 3aBUCHUT OT BPEMEHHU.

I[Tomumo B3aumopeiicTBuss ¢ MoHOXxpoMatudyeckuMu mnoisiMu, MP u JIKT KOHTakTUpYyrOT C
KOHTUHYYMOM (pe3epByapoM) (POTOHHBIX B (POHOHHBIX MOJ, YTO TPUBOJUT K IOTEPE KOTEPEHTHOCTH
ANEeKTPOH-(POTOHHOTO cocTosiHMS. Kak mpaBmio, pesepByap oOIIero BUAa OMUCHIBACTCS aHCaMOJIeM
TapMOHMYECKHX OCLWUIATOPOB, JHHEHMHO B3aUMOJEHUCTBYIOIIMX C KBAaHTOBOM CHCTEMOH B
npubmwkenun bopHa-Mapkosa [1]. s ydeTra HEKOIepEHTHBIX IPOILECCOB MbI BOCIOJIB3YEMCS
W3BECTHBIM IOJIXO/IOM, KOTODBIH 0a3upyercsi Ha BBEACHWH TaK HA3bIBAEMBIX CYIEPOINEPaTOPOB
Jluan6mana [2], onuckiBaronnx pacnaa (GoToHHBIX coctossHME MP 1 anekrponnsix coctossauit JIKT.
Beimnuiem ypasHenue JImHa01a1a 1)1 peynupoBaHHoro onepatopa o miotHoctd JJKT u MP:

% —-i[A.p]+ L. )

rie Lip=>y,L,p - cymmapnsii onepatop Jlunnonana, a L, p=2A pAl —A A p—pA A, -

napuuanbHelil oneparop JluHnOnana, xapakTepu3yOUIMA pacnajl HEKOTOPOH BEIHUYWHBI, KOTOPOH
cooTBeTcTBYeT omepatop An (ym — ckopocTh pacnana). Hac OymyT mHTEpecoBaTh 3acelIeHHOCTH
COCTOSIHUM 3JIeKTPOH-(OTOHHOH CHCTEMBI, KOTOpPBhIE PaBHbI AWATOHAJIBHBIM 3JI€MEHTaM MAaTpPHUIIbI
TUIOTHOCTH .

B nmanHOI paGoTe MBI OTpaHUYMMCS pacCMOTpeHHeM auccunanuu GoroHoB u3 MP (m = 1) co
CKOPOCTBIO 1l W pacnanoM Bo30yxaeHHbIX coctosHus KT A (m = 2) u B (m = 3), 00ycioBJIeHHBIM
UCITyCKaHHEeM (OTOHA MIIM ONTHYECKOT0 (JOHOHA CO CKOPOCTSIMH )4 U ¥, COOTBETCTBEHHO:

A=ay,=u; A =|A0><A1|’y2 =Ya: A :|BO><Bl|vY3 =Vs- (8)

Kak mpaBuio, Hambosnee OBICTPHIM M3 ITHX MPOLECCOB SBIsIETCS yxoJ ¢oroHa u3 MP B Monbl
KOHTHHYyMa. K coxalleHHro, ONTHYeCKOe KayecTBO CYIIECTBYIOIIUX ITOJYHIPOBOIHUKOBEIX MP,
conepxxanmx KT, TOBONBHO HEBBICOKOE, a X TOOPOTHOCTH Q = @ /Il OOBIYHO HE MPEBBIIIACT 10° [3
— 5]. s gactotel MP @ ~ 10 I'n, cooTBeTcTBYIOMIEH YacToTaM nepexona @, s ~ 0.1 3B B Hamei
JAKT, nonyyaem olieHKy I ~ 10'5a)C ~ 1 I'T'u. Pemakcarust Bo30Oyxxaennoit KT, B3anMoaecTByromei
¢ (OHOHHBIM pe3epByapoM, B OOIEM cllydae MpeACTaBiaseT o000 MHOTOCTaIUIHBIN Mpoliecc,
CKOPOCTh KOTOPOTO PE3KO 3aBUCHT OT 4acToThl mepexoxa B KT [6]. B Hamielr pabote mbl Oynaem
nonaratb ¥ = y3 ~ 107 @y, uto moxer GbITh peanusosano B GaAs KT npu renuesoii Temmeparype.
OnumeM kpatko Meton pemenust ypaBHenus (7). IIpexxnme Bcero, HamMm HEOOXOAMMO BEIOpATh
MPOCTPAHCTBO OA3WCHBIX BEKTOPOB, COJCPXKANIUX KOMITOHEHTHI (DOTOHHOH W DJIEKTPOHHOM
nmoacucteM. KaXaplid Takoil BEKTOp MPEICTaBIAET CO0O0M MpsSMOe MTPOU3BEACHUE BH 1A |S> =|k> ®|n>,

rae uHaeke K mpoGeraer no deteipem cocrosiHusaM JIKT, a mHnmekc n paBeH uuciay ¢poroHoB B MP.
Takum 00pa3oM, pasmepHOCTh mpoctpaHcTBa 0 =4n . +2 3amaeTcsi MAKCHMAIIBHBIM KOJIHYECTBOM
(OTOHOB Nmax (BXOHOM TapameTp 3a1aun). Oneparopsl, BXosue B (7), BBIPAXKAIOTCS CTaHJAPTHBIM
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o0pa3oMm depe3 MpsAMbIE MPOU3BEICHUS 0a3UCHBIX BEKTOPOB (HAIPUMEp, B Y3€IBHOM OHMHApHOM
IpeCTaBIeHIN). Y I00HO «Pa3BEepPHYTh» MaTpUuHOE ypaBHeHue (7) B BekTopHoe [7]:

dp .1~ ~77 = « 1 LU |

d_tpz_l[H ®1-1®H" |5+Y 27, {A, ®A, —E[A;Aﬂ ®1+10(AA,) } p=Lp,  (9)
m

TJie BEKTOp p MpeCcTaBjeH cTONOHoM JuHOH d°, KoTophiit GhopMupyeTcs U3 CTONGIOB MATPHUIIE O

(TepBBIi CTONOCI] MATPUIBI O COCTaBJIsAeT mepBbie  371€MEHTOB BEKTOpa 0, BTOPOW CTONIOCI -

BTOpHIc d SIeMeHTOB 1 T.1.), | — enuHnyYHas Matpuia pasmepom d x d , a BepxHuii uHaeKc T 03HAYaeT

OIepanuio TPaHCIOHUPOBaHUS. J[uaroHanbHble 21eMeHThl MaTpulbl o, (1 < s < d), KoTopble paBHEI

3aCENICHHOCTAM 0a3suCHBIX COCTOSHMIA, pacmonaraorcss Ha nosunusx S =(S—1)d+S nanHoro
BekTopa. [10CKONbKY TaMUIBTOHHAH CUCTEMBI HE 3aBUCHT OT BPEMEHH, TO HaxOxkJeHHe pemeHus (9)
MOJKET OBITh MPOBEACHO 03 MPUBJICYEHUS POLIEAYPHI YUCICHHOTO HHTErpUpoBanus. [Ipeamnonoxum,
9TO HAM M3BECTHO TpeoGpasopanue U, quaroHanmsyromee MaTpuiy L B mpaBoii yacTu ypaBHeHHs
(9). Marpuia U o6pasoBaHa u3 COOCTBEHHBIX BEKTOPOB MATpHIlbl L, MCronb3yeMbix 37ech B
kadecTBe cTononoB. Torma pemenne (9) st HAYATFHOTO BEKTOPA [)( O) nmaetcst popmyoit

B(t)=USU5(0), S= diag{exp(—iglt),...,exp(—igdzt)} , (10)

rae &,...,€,, - COOCTBEHHbIE 3HaYeHHs MaTpuibl L (Bcero d?). CrnenoBaTenbHoO, pelieHne 3a1aun

dZ
CBOIUTCA K HAaxXOXIEHHIO COOCTBEHHBIX 3HAYEHHH M BEKTOPOB Marpuubl L, KoTopoe sBisercs
ropazgo MeEHee 3aTpaTHOM  NpOIEeNypoil, YeM  YHCIEHHOE HWHTETPUPOBAHME  CHUCTEMBI
mudepeHnmanbHpIX  ypaBHeHHi. ClOXKHOCTh BBIYMCIEHHH ompenenserca pasmepoM d°xd?

JnaroHanuzyeMou matpuibl L. Bocmonb30BaBmIMCh pe3yibTaTaMH JaHHOTO pas3fiesia, MBI IIPOBEIEM
aHanu3 moBeneHus auccunatuBHON cucteMbl «JJKT + MP + mazep» uisi HECKOJIBKUX CIy4aes,
Ba)KHBIX B PUKJIAJHOM OTHOILLIEHUHU.

3. CneKTpOCKONMUYEeCKHUI OTKJIMK CHCTEMbI B PE30HAHCHOM pesKuMe U
peajim3anus UHBEpPCUH KyOuTa

Paccmotpum curyanmio, korna sHeprun Bo30yxaeHHbx coctosHuii KT A u KT B coBmanarot, To
ectb A, =0. B aToM ciiydae ypoBHM |A1> u | Bl> n3onupoBaHHbIX KT akTHBHO rHOpHIN3UPYIOTCS 32

CUcT QJICKTPOHHOI'O TYHHCJIMPDOBAHMUS. Hogrie COCTOAHUA |+> = (| A1> +| Bl> )/\/E nu

|—> =(| A1> —| Bl>) / x/E , SIBJISIOLIMECS cOOCTBEHHBIMU Jijisi ramuiibToHnana JIKT Ho, umeroT snepruu

g =¢4y—V n & =g, +V, coorBercTBeHHO. BriOepem wactoTsl mazepa u MP tak, uto B JIKT
peam3yeTcsi TpPexXypoBHEBasl JsAMOJla-cxeMa JJEKTPOHHBIX IEPEXOJI0B, JIEBOE IUIEYO KOTOPOH
otBeuaeT nepexoay B KT A mox neficTBHeM J1a3epHOro MoJIs, @ IEPeXo B MPABOM ILIeUE BBI3BIBACTCS
KBaHTOBbIM TiosieM MP. Bynem rosoputh, uto JIKT HaxoauTca B PE30HAHCHOM pPEXHUME, KOTIa
BBITIOJTHEHO YCJIOBHE CTPOroro JBYX(OTOHHOIO pE30HaHCa C OAHUM M3 THOPHIN3UPOBAHHBIX
B030yxxaeHHbIX cocTosiHud JIKT. Ecnm B KauecTBE TAaKOro COCTOSIHUSI BBIOPAHO COCTOSIHUE |+> , TO

JaHHOE€ YCJIOBUEC 3aITUCBIBACTCS B BUAC ABYX PABCHCTB!:
Ag=-V, Ayj=—A. (12)

YroOBl OTBETHTH Ha BONPOC, KaK cUCTeMa OyJeT pearupoBaTh Ha BHEIIHEE H3JIyYCHHE, BBHIYUCIUM
BEPOSITHOCTh €€ BO30yxaeHuss u3 ocHoBHoOro coctossHusi KT A B mycrom MP (1.e. u3 0Ga3zucHoro

COCTOSTHHSI |AO> ®|O> ) Py =1— Py, KaK QyHKIMIO YaCTOTHI J1a3epa U ofHOro u3 napamerpos JKT.

XC
MaKCI/IMYMLI 9TOM BCINYUHBI JAOJDKHBI COOTBETCTBOBATH MHUHHUMYMAM CIICKTPa MOTJIOIICHUS ﬂKT,

HaOJII0IAEMOT0  DKCIIEPUMEHTANBHO. BeposaTHOCTh  (3aceneHHOCTh) P, ,  OTOXKAECTBIsAETCS €

COOTBCTCTBYIOIIMM JUArOHAJbHBIM JJIECMCHTOM MAaTpUIlbl IIJIOTHOCTH P, y}lOBHCTBOpSIIOIlIeﬁ
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ypasHennio (9). BuiOupas ammiutyny JasepHOro UMIYIbCa OCTATOYHO Malod, (g <mi, a

JUTUTETLHOCTh €ro JieiicTBus — Gombmoi, Tg >1/Q, ., Mer onpenensem P

(steady-state) pexxume.

OTCTpoRKa YacToT KT A KT B.ﬁn

'xc B YCTAHOBHMBLIEMCS

-3 2 -1 0 1 2 3 4 5
OTCTpORKA YacToT Nazepa W pe3oHaTopa, A = @, - B 19'5

Puc. 2. KontypHsrii rpaduk QyHKINH Py B KoOpauHaTax A u Ay B yCTAHOBUBIIEMCS] pE30HAHCHOM
onHopoToHHOM pexume. Cxema yposHeii JIKT nokaszana B ieBoM HukHeM yrity. [Tapamerpst IKT u nosei
IIPUBE/ICHBI B IIPAaBOM BEPXHEM yTi1y. JlnaroHansHast MyHKTHPHAS JIMHUS Ag = - A COOTBETCTBYET yCIOBHIO

crpororo pe3onanca (11) B o6enx KT.

Ucnonb3yst naHHbBIC, IMONYYEHHBIE B XOJ€ MOJEIUPOBAHHS CIIEKTPOCKOIMYECKOTO OTKIIHKA
CUCTEeMBI (pHC. 2), CTAHOBUTCS BO3MOXHBIM OIpENeNuTh Habop mapaMeTpoB 3aladd, MPHU KOTOPHIX
peasmzanus BeHTII NOT mpoucxoant ¢ HanOombIel BEpOSTHOCTHIO.

3aceneHHocTb Pmm

10 . . .
a BO,1
; BO.1 '/
08l A0.0 . 1o |
V= 0.00le,
A, =-0.0003m, .
A=0
0615, = 0.0010, N 1
8z = 0.0013m, ;
A, =-0.0007w, A0.0
0.4l Az =-0.0010, N\
A=0.00030, :
B » ' B0.,0 “
Q5= 2x107 o, y A1,0 ~ N
. 2_3’4\3 = 1x107w, . B1.,0 Al1,0 . o . l 7
“Te=10"wm, / ‘ BLO T~ b
=107, A N
0.0 - - - =l
0 1 2 3 4 5

[NUTENBHOCTL MMNYNBCA Taes .+10°

Puc. 3. 3acenennocts yposaeit IKT B pe30HaHCHOM peXXHMeE C Y4eTOM JUCCUIIALNK (3KUpHas IMHKS) 1 Oe3 Hee

(mTpuxoBaHHas JIMHUA).
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CIUCOK MapaMeTpoB 3aaud MPUBE/ICH CJIeBa Ha PHUC. 3, B JAHHOM ClTydac HaOJIIOAaeTCsl CTPOTHiA
pe3onanc B obeux KT, T.e. BeIMONHEHO ycnoBue Ay = - A. Ha HayaibHOM 3Tarie 3BOJIIOIHMH 3JIEKTPOH
OCIIMJUTMPYET, COBEpIIas 3aTyXawllue I[HKINYECKHe Mepexosl Padu |A0,0> <—>|+,0> <—>| BO,1> ,
OIMCHIBAEMBIE TPEXYPOBHEBOU JIIMOa-cxemoil. Tak ke CTOMT OTMETUTh CHHXPOHHOCThH 3aCEICHUS
MIPOMEKYTOUHBIX COCTOSHHM |A1,0> u | B1, O> (oCIMIIISAIIMY MEHBIIICH aMIUTATY Bl HA pUC. 3), KOTOpas

OOBSACHSIETCS BBICOKOM CKOPOCTBIO TyHHeNHpoBaHus Mexny KT mo cpaBHEHHIO CO CKOPOCTSIMH
obmeHa sHeprueit Mmexxay mossimu u JIKT: V >> g A(B),Q AB) [8].

Kak MBI MOeM BHIETb U3 MOIy4eHHOro rpaduka (puc. 3), MakCUMalbHas 3aCEICHHOCTb YPOBHS
|BO,1> mpH ydeTe JCCHIATHBHBIX dddekTos cocrapmser 0.79 mpu T =27/Q, 5 =7/pe, » 9TO

MO3BOJISIET TOBOPUTH O BO3MOXKHOCTH peaiu3aluu B cucteme ¢ ucnoib3oBanueMm JIKT omepainun
WHBepcHM KyOuTa. s mpuBeJeHHBIX B M. 2 MapaMeTpoB Mojly4aeM oOumeHky T, ~ 1 Hc. B
W7eaTn3NPOBaHHOM ciTydae, 0e3 ydeTa HEKOTepEHTHOTO B3aMMOICUCTBHUS TIPH TOH Ke KOH(pHUTypaIim
cuctembl BeHTHIIE NOT peanu3syercst ¢ BepOSITHOCTBIO OTH3KO0# K 1.

4. 3akjao4yeHue

B nanHoli paboTe MBI MOAENHPYEM U aHAIM3UPYEM CHEKTPOCKOMHMYECKHH  OTKIIHK
MOJIYIPOBOAHUKOBOM  onHO3sekTpoHHOM JIKT, B3aumoneWcTByrolled ¢ KBAaHTOBBIM — IOJIEM
MHUKPOpPE30HAaTOpa M Ja3epHBIM HMMIIYJIbCOM C YYETOM JAWCCHNATHBHBIX 3(QekToB. 3aTem,
OCHOBBIBAACh Ha PE3YyJIbTaTaX CICKTPOCKOMNNYECKOro UCCICA0BaHNA CUCTEMBI, ITIPOU3BOJUTCA HOZI60p
MapaMeTpoB, MPHU KOTOPBIX BO3MOXKHa peanm3arus onHokyouTHoro BeHTWw st NOT ¢ HambGompmieit
BeposATHOCTEI0. Kak Oputo mokazaHo B maHHoW pabore, [IKT mox ympaBieHuem moineit nasepa u
MHUKPOpPE30HATOpa MOXKET OBITh MCIOJNB30BaHA Ul Pealr3allii KBAHTOBOMEXaHWYECKOHW omepanuu
WHBEPCHU.

Pabora momnepxana IIporpammoit gyHmameHTanbHBIX HaydHbIX uccienoBannit OHUT PAH
«OneMeHTHas 0a3a KBAHTOBBIX KOMITHIOTEPOBY (TIPOEKT 1.5).
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Charge qubit inversion in combined laser and cavity field
Alexander Tsukanov and Vadim Chekmachev
Keywords: quantum dots, double quantum dot, qubit, inversion

We address the design and control of the single-electron double-dot charge qubits coherently
driven by both laser and cavity mode. The dynamics is modeled via rigorous matrix density
Lindblad approach and the inversion (or NOT) gate is shown to be realized with good
accuracy.



