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AHHOTAIIUA

B cratee 00Cy:k1al0TCA CIIHH-3JEKTPOHHBIE M CIIHH - AJEPHBLIE KBAHTOBBIE
cTpykrypel B NV nentpax B anmase M AHATH3HPYETCA LMK KOHTPOIBLHBIX
DKCMIEPHMEHTOB HAJ KBAHTOBBLIMH [IBYX YPOBHEBBIMH CHCTEMAMH B 3THX HEHTpPaX,
KOTOPbIE MOTYT HCIONB30BATECA B BHIE KyOMTOB [ CO31aHMs KBAHTOBBIX CeTeii
M KBAHTOBBIX KOMITBIOTOPOR.
It was discussed the spin-electron and spin-nuclear quantum structures and the net
of the control experiments on quantum two-level systems in NV centers in
diamond, which can be used as qubits to create quantum networks and quantum

computers.



The wonderful peculiarities of the quantum
measurements and the quantum entanglement open
huge perspectives for practical usage of the quantum

physics achievements in development of quantum
networks, quantum computers and a scientific
breakthrough in atomic biology and medicine.

in classical mechanics the pure state is represented as a
point in the phase-space and in quantum mechanics this
state is a vector (function) in the complex vector-space.

We can note that in quantum mechanics are introduced
both the physiogeometric extension of the conception of
the state (from a point-like particle to a multidimensional
object) that is characterized by a vector (wave function)
and also the complex numbers theory-related and the
philosophy-related mathematical extension



WCCNEQOBAHME OCLUMNNALMIA PABU B KYEUTA
KPUCTAMNA ANMA3A C MCNONb30BAHUEM
3ENEHOrO NA3ZEPA

RABI OSCILLATIONS ON DIAMOND QUBITS
BY USING A GREEN LASER

AHHOT 2L A

B cTaTee NpeAcTaBASHO OMWMEEaHME pAaZpPaB0oTaHHOM WM coBREAHHOMD IKCNE PR EeH-
TaABHO MO €TEHA3 A4AR NPOBEAEHWA MCCA BA0BAHMA OCUMAARALMA Pabiy HA aHcambBie Ky-
BUTOR B NY%-UeHTpax KpMET3A13 aAmasa. NpedcTaed eHel PESYAETATH MSMEREHUA 33BK-
EMMOCTH HACTOTE OCUMAARLMEA Fabu oT MOWHOCTH 3ARKTROMArHMTHOM NOAR B KpH-
£T3AAE 3AMAEZ3 € MCNOABSOBAHMER IEASHOMD A332pa AAR CHMTEIEAHMA KBAHT OBOMD CO-
CTOAHMA.

HAlo4eEbie CAOE 3 KBAHTO BLIE CHMET Ehibl, N'Y-U EHTR Bl B 3AMaSE, OO MAA AL MM Pa Bi, By-
BTEL.



HECIMEPHMEHTAABHAA YCTAaHOBKA
AAR HOCAE ADBAHME A OCIHHAARITHA Pabe

AKcn CPHMC HTAAErHAA ':.i.l'CTE_'I.-lEI Ex3a Tip EACTARMACHA

HA Pucpmis L.

Puc. 1. 2hcneprmeHTSNEHSA
YCTSHOBRS ANA MoCNeoBSHKMA ocumnnAagKiE Pab

B A3 HHEN MCCACAOBEIHMAY UCNOAREOELACH KOHG O-
KAALBHELIN MHKpOCKON O KOMIIAHIMM Sol [nstmanm ents
rhlunck) Aascp B3 BAM MONOARSOEAACA A8 14HIE11M-
AAMIALIINMK Ky D1TA E MCXOJHOC COCTORHNE © TP OC K1114-
cH cnuHa m_=0. ZoT e ARSCH BEO30V 0N A CKTPOR
WV -nenTpa A48 PCTUCcTPENNE COCTOAHNMA KyDUTa ¢
norollbn e Toga D2 MEP. Jdam Tpebyvonmoll nocacgo-
EATCALHOCTH MMIVARCOE Afscpa BEE BM nocnosrso-
BAACH AWVCTO-ONTHMECCKIE Mo ywA ATOp.



TacrrorTa oclMASAALIHME Patiln sasnuciaTrT o CcEBHA-
F14 CNHMHAA SACKIPOoHA ¢ nogasackran B -n oo n,
FancclTEo Tol CEASIM FAEMCHT, NPCcMAIc BooI'o, ol
rMouTHocTda CEY -nosaAm, o 14 MHancocclBEo carmoro ob-
Pa=F1a MMMccT FHAancHue, llocTop oBrBale NP HMAMcCcld B
AARMASC M GAWKIVWALINNE NoAcl POCUICTHKI, ONCEMNIHO,
oy T MPHWMEQAMTE K WAMCHEBEUICHNM I HMACTOTEL M WEC-
AMTICHMYE SATYXAHRMA OCl1H. A AL Pabaa.

Ha freempmecae S-E Np caACcTaBACHEL P esvAarT A
Tl MIMCPCHMWMA OcllldAcaAanlkia Patln npla macrores
MUK OEOAHOEOTO T1oAA 278 1I'1"'1 23 P EASHEIN RCOIT-
HOCTAX WCHMAMICAAR 3ITONO MHKPOEOMAHOEOTD T1OWA.
T HocdTCARHEIC ECAMHEIMHEALRL MOUTHOCOCTCH wWHAZaAH R
ENOATIMCAY M PHUCcyHKAM. 1o sKcnNocpMAMcHTA A BH BIR
TOMMKAM NMPOECACHD GHTHMPROEAR MC vy K111 c i)

PO+ p]l ¥Yexp(p3 %) Yoos (p2* (x4+p4 3]0 . [ L2
llapamcripra fuArTpa pl-pd npcacTaEACHEL HA
ey e 3G . llapamecTp pY coolTECTCTEYCT miac ol
SOl WA AIE Pabla, pl noxaszrpaasacT A KCMHMEAEREREBLDE
KonRTpacr A MEP, no pE2=1,/ Mosno ol1cHTE B C-
LA «ZATYXAHMA: OQCLMWMAARLNIINE =3 cuacT acKOorcpoH-
111419. Dhiocsino FamMcTlaTh, 9TO ACKOCPCHILIMA =AEM-
C1T O KAWMcCcTED obOpas1nE 14 HaXoOJdAMWMICA BE Npocdcaiay
B4+ 100 He A~HA BOCXN MOUTHOCOCTCE clHryaassa R
llapamceTp At vHIWTEHEACT HOWMAC A HOCTE OO Wi A 00—
ra CEYHY-ciarnasa — EMAHO, 9TO MMHMWMAALHA A AMld-

TeAabHOCTE UEBY-1umnysabkca, HOTOREAA MOoMcT DRTh
TICASA WO er-TH{ A HA HJHAINTe A nﬁnﬁﬁ:‘.—’rﬂ'ﬁﬁ H1A14 Car T AR~ T EII!'!I—



AANTCARHOCTE CHMTHAAA YNPABACHMA FCACHEIM
AASCPOM ONTHMHWEMP OEAHEA NO MAKCEMYAMY MHETCH-
CUMEHOCTH fAVORCCUCHIIMM NOCAC MHMINWAAWMIA11I MM
KyDHMTA E cOCTOAHRME m1, =0 CAcayeT oTMeTHTE, 9TO
AANTCALHOCTA B L-2 MKC, KOTOPRAA MCNOALRIOELAACE
EpaborTe [8], E AAHHOM CAVHEASC DRLAC HCAQCTATOW HO,
UTO ¥KAZHIELCT HA HAZKVID SPPCKTHM EHOCTE EOS Dy -
AcHMA Aascpon B3E BHa Haurero obpazna.

FlzmcpcHMA NPOECANAWMCE TP KOMHATH O Toho-
neparype. £2aHaK0, A8 DOACC KANCCTECHHBIY PC-
3WARTATOE M3 ABYX CcocTOAHME m. ==*1 npu nposc-
ACHIN MWMIMCPCHME € NTOMOUIEKY MATHMWTHOTO T1OAH
DElAC BEEHOPEAHD TOALKD OIHO o1, =—1.

nuuK. Mosno samMeTiiTe, 9To ACKOTCPCHLMA ZaBM-
CHT O KAMCCTER ODPAasZla M HAXOJMTCA E NpodcanXy
B0+ 100 He A~HA BooX MOUTHOCTeHd curyaaasa GEH.
llapameTp P v UTHEICT HCWMACAABHOCTE MOJ VA ATO-
pa CEYH-curnasaa — EMAHO, 9TO MHUHMMAABHAAR AAM-
TeabrrnocTer CEBH-1umMnyabca, KOTOpAA MOMKCT DRTH
NMOAYHCHA HA HAUICM 0RDOPYWAQELHWM, COCTABAACT DO-
Aace B 5 He l[ocKoARKY AAMTCABRHOCTE MHECRTHRY HO-
UICTO MAMNWALBCA [TE-MMNOYALC), KOTOPEE 1M NpcAcTak-
ARCT NPAKTHUHCCKMEE MATOPCC, MHOIO DOALRLIC STOMo
NOpOTra Ja#4C B CAVHACS L DG peoUTHo K GE-T-I—Tt =
= &m0.0EZ = 11805 nc, — sTo orpanuucnuMe HEe No-

EMAMACT HA YHNPpAEBEACHMC COCTOAHMOKM }'E}I'ElHTE.
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THE ELECTRONIC STRUCTURE AND THE ENERGY
SPECTRUM OF THE SIX-ELECTRON CENTER

The symmetries and their representations group theory method
that could in accordance with the experimental data help to
describe in the adiabatic approximation the energy levels and the
symmetries of stationary states of electrons was used for creating
the precise spectral model of the NV — centers (Figl)
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Fig. 1
The atomic structure of a nitrogen-vacancy center in a diamond (NV-center) and the
corresponding specters of the neutral 5-electron center, NV(0)
and the negatively charged 6-electrone center, NV(-)=NV, measured at the cryogenic
temperature



The electron system of the NV — center of a diamond
contains six electrons: one electron each deliver three
atoms of carbon, C*? (the atoms with the nuclear spin
1=0), two electrons are supplied by the nitrogen atom, N4
(the atom with the nuclear spin 1=1) and one electron is
captured from the crystal medium of the diamond. As a
result, the spin system of the NV — center includes spins of
six electrons and spin of the nitrogen atom, N4,

The electron-spin system of the NV — center was
developed on the base of molecular models and the
symmetries and the representations group theory. The
crystal defect produced due to absence of one carbon
atom and embedding into the diamond matrix instead of a
neighboring one a nitrogen atom receives the point
trigonal -symmetry formed by broken covalent bonds:
three of the bonds with three carbon atoms and one with a
nitrogen atom.



OT KBAHTOBAHHA ATOMA BOJOPOJA J0 TEOPHH ATOMAPHBIX H MOJEKY.JIAPHBIX
opouTaJIer

C MareMaTH4YeCKOH TOYKH 3PEHHA IPH PACCMOTPEHHH MHOTO3IEKTPOHHEIX
ATOMOB H MHOTOATOMHBEIX IIEHTPOB MBI CTAJIKHBAaeMCA ¢ (YHIaMEHTAIBHOM
npodeMoil MHOTHX Tel (TpeX U §oJee), UTO MPHBOAHUT K OTPOMHEIM TPYIHOCTAM B
HAaXOXICHHH pENIeHHH COOTBETCTIBYHLIEIO ypaBHeHHA IlIpeanHrepa IId TaKHX
cHcTeM. EcIH IpH KBAaHTOBAaHHH aToOMa BoZopoda OBUIH HCIIOIB30BAHEL TOJBKO
HEIIPEPEIBHEIE TPVIIIEI U anrelpel JIH, TO B clIyyae KBAHTOBAHHA MHOIOYACTHYHEIX
CHCTEM  OIPOMHYVI) pOIb HUIPAKT JHCKPETHBIE KOHEUHBIE CHMMETPHH
paccMaTpPHBAEMBIX CHCTEM OTHOCHTEIBHO [PYIOI [EPECTAHOBOK S, HIH HX
noarpymm [11][12]. Boxee Toro., B CTaHZAPTHEIX CIy4adx paccMaTpHBacMEIS
KOHEUHEIE TPV ABIATCA NOATPYIIAMH HElPePBIBHEIX rpynn JIn. Hanpumep.,

[PYNOBl BPAalleHHA H OTPakE€HHA, ABIAKOIIHECHd NOArpynnmaMu rpynnsl SO(3),



B KyOHueckOH fAueiike pemeTKH anMasza & AaTOMOB pAcCIOIOXKEHEL B

BCPIIHHAX, 6 aTOMOB — Ha ¢€¢ [PaHAX H 4 atoma — B e¢ o0beMe. B anMaze KaKIplil

dTOM VITICPOTda PacIIOIORCH B HCHTPC TCTpasdpa, YCTBIPS BCPIIHHEI KOTOPOIO
00pa30BaHEl COCEIHHMH aTOMaMH VITIEpOa.




I[I[?[ NV — aIMa3HBIX OCHTPOE MBI HMCCM CIIOARHYH aTOMapHYH CHCTCMY.

COCTABICHHYIO H3 3-X aTOMOB yriIepoaa *C., 0JHOro atoMa a3ora *-)N, pakaHCHH

10

(C) u 5—1u wm 6 —TH 31ekTpoHoB [4][13][14][15]. Kak BHgHO H3 pHC.1, K

BAKaHCHH 0OpalIcHE 4 — PA30PBAHHBIC AaTOMHBIC CBI3H {Ocy,0¢2,0¢3, 0y ).



KOTOpAAd HCIIOIB3VCTCA IIPH KBAHTOBAHHH HB — LOCHTPa B alIMasc. JT1a [PVIIIIA
HCKOMMYTATHBHA H I'CHCPHPYCTCA OIBYMA IDVIIIIOBEIMH JJICMCHTAMH. BPAlICHHC ¢

-

H OTPaKEHHE 7 CO CICAVIOMNMH COOTHOMEHUAMH: {g° =1 =e, qrr = g}, TOMHMO
3TOTO, 3Ta IPYIA HMEST TPH KIacca CONMpAKSHHI:

C(D) = {R(D}. C = {R(), RG}.Cxr = {RG). R, R} (24)
H TpH HENPHBOIUMEBEIX MpPEACTABICHHI. [IBa HENpPHBOIMMEIX IIpeICTABICHHA
OIHOMEPHEL, OJHO H3 HHX TOXICCTBEHHOE — 41, a BTOPOS ATbTePHATHBHOE — A».
TpeTee XKe HEMPHBOAHMOE MPEIACTABICHHE — E ABIACTCA IBYMEPHEIM, TIPHUSM,
MOABTICHHE IBYMEPHOTO HEMPHBOIHNMOIO MPEACTABICHHA ABTIASICA CISICTBHEM
HeKOMMYTATHBHOCTH 3TOH rIpymnmel. IlpuBeaeM TalaHIy XapaKTepoB 7T

HETIPHBOIUMEIX MPEACTABICHUI TPYIIE 53 = U, = (3,

I, G I C-zq Cs,
Al Xl .I. 1 1 a5
A, x]1 1 -1 (25)
E y;12 -1 0




The electron orbitals, al al, (e,, e,) (see Fig. 2) can be built in the crystal
field of the defect in direct concordance with the reducible representation
expansion I'=(4,1,2)=2(1,1,1)+(2,-1,0) of the 4-th broken bonds into the
irreducible representations of the group. Two of those orbitals, al al, are
completely symmetric, can be transformed by the one-dimensional
iIrreducible representation, A1=(1,1,1) and the double-reducible electronic
orbital (e,, e,.) Is transformed according to the irreducible representation
E=(2,-1,0).

Six electrons from the unexcited ground-state, excited and doubly-excited

: | ) . :
negatively charged NV — center occupy the three electric orbitals ( Fig. 2).

[
m
B

Fig. 2
The electron orbitals for the unexcited ground-state, the excited- and double-
excited states




d1a TpeX ATOMHOH VITIEPOIHOH IIOACHCTEMEI B anMase, o0pa3syIoMIHX
TCOMETPHYESCKH IPABHIBHEIH TPEVIOIBHHK ¢ TIPyHIoil cHMMeTpHEH (s,
ITEKTPOHHEIM OpPOHTATAM MOKHO COIOCTABHIEL IIPHBOIHMOE IPEICTABICHHE [,
KOTOPO€ B COOTBETCTBHH C XapakTepoM ;= {y(I), #(Cy). y(C:)} = {3.0,1}
pasmaracTcsa Ha HEMPHBOIHUMEIE NpeacTtaBneHud [ :=I;+/5=A4;+E. B Ky0HUeCKOH
KPHCTAITHYESCKOH CTPYKTIYPE UYHCTOIO anMa3za eCTSCTBEHHOH TIpYIIIOH ABTICTCA
TeTpa’gpanbHad Ipynma I HMerImad IopAIoK Ty =24, CTPYKTypa KOTOpOH
COTEpAHT 5 KIacCOB compskeHHS C;. COOTBETCTBEHHO, 114 TAKOMH IPYIIIEI MOKHO|
[IOCTPOHTL 5 HEIPHBOIHMEIX MPeICTABICHHI R; NpPeICTABICHHEIX B TalmIHIlE

XapaKTEePOB TETPA3IHOH IPYNNIEL 7

Iy Clcay 3¢, 8C, 60, 685,

A 1 1 01 1 1

A, x| 1 1 1 -1 -1 (26)
E x|2 2 -1 0 0 )
T, X 3 -1 0 -1 1

, x»l3 -1 0 1 -1




X1+X2+X3 e 2211'12'13

Q) = Xoli) =7 5 &% = &= % (29)
ay = @ayy +PBaycy, ;= Bayy +aayg, (30)

KOTOPEIC COOTBCTCTEVHOT ABEVM OJHOMCDHBIM HCIIPHBOIHMEIM IIPCICTABICHHAM H

OJHOMY IBYMEPHOMY IPEICTABICHHIO PYIIEL .

30HA NPOBOAWMMOCTH

34,

s 4+
I

‘ JOHA BANEHTHOCTM |



JI19 pelleHHA TAaKHX CTOKHEIX CHCTeM HCIOTB3yeTcs agHabaTHUecKoe]
NPHOTHAKEHHE, B KOTOPOM BCE BHIBI JBH/KCHHA PEIISTKH, ATOMOB H 3IEKTPOHHBIX
0o0laKkOB HE 3aBHCAT Opyr OT Ipyra, TOIJa IIOJHYK BOJMHOBYH (DYHKIIHED
['aMHIBTOHHAHA MOKHO OIHCATH B BHAE IPOH3BEJACHHA BOIHOBBIX (DYHKIIHIL
CBA3aHHBIX C YKa3aHHBIMH BHIAMH JBHKeHHM [11][12]:

Y(total) = ¥, X ¥, X ¥, ;. (17)

[Tpu TakoM NpHOTHKESHHH OTHASA JHEPIHA ABTACTCA MPOCTOH CYMMOIT TPEX BHIOB

s3Heprufi (KyIoHOBCKHE B3aHMOJEHCTBHA, KOJIeOAaTEIBHEIE H BpalllaTeIBHEIE
IBHKEHHA):

Eiotar = E¢ + Epipr + Evor. (18)

11



6
Hyy = ) T+ Vo (7 Ro) + Voo (7,5, Ro)}+
i=1

21 iWVee (7,T) + Vi (5,81 (19)

B COOTBEeTICTBHH C IpeMA CHCTCMaMH }-:pDEHEﬁ .'aHepl'IIH—.'BTIEKIpDHHDi
KonedaTeIpHOI H EpﬁmﬂTE:IBHDﬁ: .'HHEpl_ETHqECHHﬁ CIICKTP CHCTCMEI COCTOHT H3
COBOKVIIHOCTH 3Z/ICKTPOHHEIX, KoIeOaTeIEHEIX H BPpAlTATC/IBHEIX CIICKTPOB. B
IEﬁCTEIITEIBHDCTII: JTO pasAciIcHHS VCIOBHOC, TdK KaK YacTO 3JICKTPOHHEIC
[NEPCXOIbl  MOI'YT  COIPOBOARIATECA  H3MCHCHHCM KoIedaTeIbHOH JHCPIHH
CHCTCMEI. a IIPH KoIe0aTeIbHEIX [ICPCXOJaXx H3MCHACTCA H BpalllaTc/IbHaA
JHCPIHAL 3IEKTpDHHBIE MOJICKYJIAPHBIC CIICKTPEI BOSHHRKAKT IIPH H3MCHCHHH
.'E:IﬁKTpDHHDﬁ JHCPITHH MOJICKYIL, €CIIH IIPH 3TOM HC MCHARTCA KoledaTenkHEIE H
BpalllaTC/IBHBEIC  SHCPIHH. OHH HaOMWIAKICA B MOIIOINEHHH (CHEKTpEI

IIOTIOIIEHHI ), B HCIITYCKaHHH (CHEI{TpEI THOMHHECICHIIHH) H B pacCccAHHHA (PE[ME[H).



aje’ THE GROUND STATE
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The triplet-singlet (Maze) scheme of the NV-center electronic levels.
Optical transitions (through dipole interaction) are shown by solid lines,
nonradiative transitions (through the intermediate singlet states) are shown by
dashed lines (Maze et al.)
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PHCYHOK 3. — DJIGKTPOHHEIE OPGHTATH OCHOBHOTO @ e? H BO30YKICHEIX
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PHCYHOK 3. — DIeKTPOHHEIE OPGHTAH OCHOBHOTO a2 e H BO30YAICHBIX
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m, = +1
3 A — AL42GH
I A : ‘
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PucyHok 4. — DHepreTiHueckue ypoeHH HB — nieHTpa (pagHalHOHHEIE NIEPEX0/IEL
yKa3aHEI CILTOITHEIMH CTPeIKaMH, a HepaIHalHOHHEIE NIEPEX0Ibl — IYHKTHPHBIMH

CTpEIKaMH)
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Pucynok 4. — CriekTp QpIyopecleHIINH B anMase ¢ GoIbIHM gicaoM HB-1eHTpos.

HadmrwgarTca }-’BI{IIﬁ BEICOKHIT MHK PaMaHa H MAalIeHBKHE ITHKH HVIIb — @DHDHHEIK

st A8 NV 575am(2,156 3B) 1 NV ™-637mM (1,945 3B) LIEHTPOB
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PucyHok 5. — CriexTp ¢uIyopecleHIHH B a1Mase ¢ HedoapmuM ynciaoM HB —
LeHTpoB. HaGmrogaroTcsa y3KHIH BEICOKHIT MUK PaMaHa M MaTIeHPKHE ITHKH HYIIb —

boHOHHEIX THHHH 114 NV °575HM (2.1563B) 1 NV~ — 637uM (1.9453B) HIeHTpOB
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Fig. 4
The possible scheme of splitting of the excited triplet states
(owing to the fine spin-orbital and hyperfine spin-spin interaction splitting
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The possible scheme of triplet states splitting
(owing to the fine spin-orbital interaction, the axial and the transversal
dynamic mechanisms of the lattice that are able to modify the status of the -
symmetry of the NVcenter)
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a) the general scheme of the energy levels of the NV center, where the spin-spin, D=2,88 MHz, and D=1,4 MHz,

triplet splitting into two, ms=0 and ms==1, sublevels are shown for the ground, |g>, and the excited, |e>, states

correspondingly. Energizing of magnetic field provides subsequent splitting of the levels from ms=+1 and ms=-
1. b) the normalized emissive spectrum of the assembly of the neutral, NVO0, and the negatively charged, NV

centers excited by 532 nm laser light at the room temperature. The zero phonon lines of these centers are at 575

nm and 837 nm correspondingly. ¢) example of time dependence of

fluorescence for the pure origin states ms=0 and ms=+1. d)e) the NV spectroscopy provided without a magnetic

field d) and with it e) if the magnetic field B = 0, the resonance frequency is 2.87 GHz). Energizing of magnetic
field splits the states ms=+1 and ms=-1 according to the Zeeman effect and correspondigly their resonance

frequency proportionally to the gap between the energy states
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According to the context of the NV center spin-electron levels, the guantum
systems based on the two energy splitted states with different spin properties
are investigated. Energizing of static and oscillating magnetic fields enables to
rotate spins and modify the spin states of the NV center. So, the static magnetic
fields, Bz, parallel to the axis of NV quantization initiate free precession and
are able to change the angle ¢ on the Bloch sphere. Perpendicular to the
quantization axis (Bx ,By) oscillating magnetic fields can modify the
population and change the 9 angle on the Bloch sphere:

|q})= cosgl()}-i-sin ge‘;cllt)

-level guantum systems as the electron qubit of the NV center, where the
following definitions for the ground state 3A can be accepted: |g, > -level with
ms=0 = |0> and the double-degenerated |g, > level, ms=+1 -> |1>.
Consequently, the probability of the corresponding transition, |g, >->|g, >, can
be estimated.
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where 2 cos (o t) are the leading microwave oscillations. At resonance on the

Bloch sphere this operation corresponds to rotations of the qubit around the
axis OX:

Wy

't - -
2’ Igo > +i sin

Wy

2" lgy =, Aw=0.

Iq(t) >= cos

So, the rotation on the Bloch sphere |0>->|1> corresponds to the ©t- impulse

( t=r ), and rotation on the equatorial plane (XOY) - ©/2 to the impulse
(t=n/2).



—~
B

Polarization Readout & Repolarie
T
- 1000 s
(0 (signal) I l'_‘
-—
300
i red) ]Hl
300
time
VISP oo s o onduesiswivies T Q. e .l’ \: 114

105}
3 1t
s
& 095}
09
0ss b
os} Q=101MHz o lpo = 0818
0 SO 100 15 200 250 300 350 400 450 500
T o (N5)
OCUMNNALNWK PABM

The double-level quantum system control. The controllable Raby oscillations.
The population of the double-level system |0> ->|1>->|0>... oscillates under
the control of the = —impuls microwave field (the IT-impuls).
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The double-level qguantum system control (T2%*).

The Ramsay fringes: (initialization)->n/2-> dt(evolution)->n/2->measurements
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The double-level quantum system control (T2%*).
The Ramsay fringes: (initialization)->n/2-> dt(evolution)->n/2->measurements
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Fig. 10
Spin energy-level diagrams for nitrogen and carbon atoms



