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AHnHOmauus — TNpeactasneHa Modenb HETOYHOro Henpe-
PbIBHOrO M3MEpeHuUsi MnapamMeTpuyeckoro npeobpasoBaHus
aHeprun konebaHuii Pabn OeTeKTopoM Ha OCHOBE 3apsOoBO-
hbasoBoro ky6uTa. Jns 06bACHEHUS UHAYKTUBHOTO B3anMoaeii-
CTBMSI KyBUTa M CXeMbl M3MEPEHWI, a Takke YacTUYHOro Kor-
nanca ucrnonb3yeTtcs kBaHToBasi Teopema Baiteca. lNMokasaHo,
YTO MMEeT MeCTO ONTUMYM MHAYKTMBHOrO napamMeTpa, onpeae-
NALLEro HeYeTKOCTb HabngaeMoro addekra.

|. BBegeHue

B paboTe [1] npoBeaeH aHann3 xapakTepUCTUK KBaH-
TOBOIO 4YaCTUYHO-KOrePEeHTHOrO AeTeKTopa Ha OCHOBEe
3apsa0B0o-¢a30Boro Kybuta, CBA3aHHOTO C KIacCMYeCKUM
(wr < kzT/H) pesoHaHCHbIM KOHTYpoM. [oka3aHo, YTo B
3NEeKTPOMAarHUTHOM MONE CUrHanbHbIE XapakTEPUCTUKN C
MaKkcumarbHbIM K03ddrLUMEHTOM Npeobpa3oBaHnNs BO3-
HVKalT Torga, Korga adpdekTMBHas KBaHTOBas WHAYK-
TMBHOCTb KybuTa nepuoanyvecku, C 4acTOTOW HU3KoYa-
CTOTHbIX OCUMMANAUMA BEPOATHOCTU 3aceneHHoCTen
3HepreTuyeckux yposHen (Tuna Pabu) fi; = wr., NPUHKU-
MaeT MONoXWTENbHbIE U OTpuuaTenbHble 3HaYeHus
(puc.1). ObecyxpaeTca dusmdeckas npupoaa addpekra
napameTpuyeckoro npeobpasoBaHusa dHeprum (pereHe-
pauun) B KyOuT-geTekTope ¢ NepUoaNYECcKMM N3MEHEHW-
€M 3Haka 9(pPEKTVBHON NHOYKTUBHOCTMU U €r0 BO3MOXHOE
NpUMEHEHVE B KBAHTOBOW MHGOpMATUKE ANs peructpa-
unm Manbix curHanos. Mpu maTemMaTnyeckom Moaenupo-
BaHWM 3TOro acpdekTa [2] Ana pacyeTa MrHOBEHHOTIO 3Ha-
YeHUs MHAYKTMBHOCTW KybuTa mncnonb3oBaHa MeToAuka
KBAHTOBOMEXaHWYECKOrO YCPEAHEHUS1 ero KOrepeHTHOro
coCTOsiHMSA, 6e3 yyeTa obpaTHoro BnusHUA (back-action)
NOry4EeHHOro pesynbTaTta M3MepeHus.

B 10 xe Bpems, npu paboTe KBaHTOBOro KybwT-
JeTeKkTopa Ha npegene YyBCTBUTENbHOCTM MMEHHO 3TOT
adhpekT cTaHoBMTCA onpegenstowmMm. B HacTosen
paboTe vccnegoBaH criydal NpakTUYeCKM YUCTOro He-
npepbIBHOrO HeyeTkoro mamepenus (HHW) curHanbHbIx
XapakTepuCTVK KyOuT-geTeKkTopa B pexume napameTpu-
Yeckoro npeobpasoBaHus aHepruun. [ns ero onucaHus
ncnonb3oBaH pa3paboTaHHbIi paHee [3] MHpopmaLmoH-
HbI Noaxoa K onucaHnio anHamukn HHW, ocHoBaHHbIN
Ha kBaHToBoW TeopeMme barieca (KTB), a Takke npeano-
XKEHHBIN HaMW MPUHLMIN MHBApPWaHTHOCTM KIacCUYecKom
TpaekTtopun getektopa npn HHW oTHocuTenbHo crnoco-
6a KkBaHTOBOMEXaHN4eCKoro onucaHns kybura [4].

Il. OcHOBHanA YacTb

OddeKkTMBHOE 3HAYEHUE WHOYKTUBHOCTM KybuTa B
N3MepuTeribHOM Cxeme 3a4aeTcs KnaccuyeckuM napa-
METPOM, 3Ha4yeHVe KOTOpPOro MOXeT ObiTb AOCTaTO4HO
TOYHO onpeaerneHo Ha OCHOBaHMWU aHanm3a CurHanbHbIX
xapaktepuctuk. C Apyroi CTOpOHbl, Npu aguabaTtunye-
CKOM peXnme U3MEepPEeHUst U YNCTOM COCTOSIHUM KybuTa
OHa 06paTHO nNpOoMoOpLMOHanbHa KPUBU3HE MO ¢ €ero
3HEepPreTNYeCKoro YpoBHS
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Mpu pe3oHaHCHOM BO36YXAEHUVM [ABYXYPOBHEBOW CU-
CTeMbl MWKPOBOMHOBLIM NOMeM U usMmepeHun addek-
TMBHOTO 3Ha4YeHUss 06paTHOM WHAYKTUBHOCTU KybuTa,
Mbl, haKTU4eCKu, nony4aem nHdopmMaumio n o dase ero
KOrepeHTHOro CoCcTosHMA. 3Ta UHdopMauns (HeveTkas)
NPUBOAMUT K YaCTUYHOMY Kommancy Kybuta K ogHOMy 13
OCHOBHbIX COCTOsIHUIA. CBSi3aHHOE C HUM W3MeHeHune
COCTOSIHUSI MOXHO paccuutatb Ha ocHoBaHun KTb. Pa-
Hee Mbl Nokasanu, YTO KBaHTOBO-MexaHW4eckue onuca-
HUSA OMHaMWKW, CBA3aHHble C M3MepeHveM dasbl Pabu-
OCLMNNSALUUA, MarHMTHOTO MOTOKa Yepe3 KyouT unm ero
3 dEKTUBHON SHEPrMN MHBAPWAHTHbI OTHOCWUTENbLHO
HabngaemMon TpaeKTopuM  KNacCcU4eckoro JaTywvka.
MoaTtomy copmyny, MONyYeHHy Ans 3BOMLMM pac-
npeaeneHns pesynbTaToB HEYETKOro U3MEepeHust 3Hep-
rim [5], MOXHO MCMoNb30BaTb M ANS BbIYMCNEHNS Knac-
CUYECKOro 3HaveHuss 3PEKTUBHOM €MKOCTUM KybuTa.
Wccneaysa ceBolicTBa HenpepbIBHOCT paccMaTpuBaemo-
ro Crny4YanmHoro mpouecca, MOXHO MNoKa3aTb, YTO 3TO
ypaBHeHVne moxeT bbiTb npeobpasoBaHo K AnddepeH-
umanbHoMy ypaBHeHutio Pokkepa-lnaHka, M pelleHo
aHanMTU4ecKku.
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ﬁf«p,t):—vif«p,t)ﬁ-a—z[ﬂf(«p,t)} @
ot op 2 o¢ 2
3pecb o) :AZ/(r-62)~sin2 2¢, 8- napameTp HeyeTKo-
CTU W3MEpPEHUsi, ONpenerneHHbI TakuM obpasom, 4To
BENMUMHA o =A((p)2/(‘r-82) yke He 3aBucuT OT BbiGopa
wara no BpemeHun t. Pusmyecknii cmbicn a(e) — CKo-
pPOCTb Nnony4eHus nHgopmaumm (B butax B cekyHay) npu
HenpepbIBHOM HEYETKOM U3MEPEHUN.

Mpu yBenuyeHun koadppuLmeHTa CBA3N KybuTa u
aetekTopa napameTp o(g) pacteT, U AMHAMUKa CuUCTe-
Mbl NEPEXOANT CHayana B PEXUM KBAHTOBLIX CKaykoB, a
3aTeM 3aMOpaKMBaETCA B OCHOBHOM COCTOSIHUW (KBaH-
TOBbIA 3dpheKkT 3eHOoHa Npu YEeTKOM HEeNpepbIBHOM W3-
MepeHum). MNpu aToM 3dekT napameTpuyecKkoro npe-
0o6pa3oBaHMsa SHEpPrum Takke ucyesaer.

C pOpyron CTOpOHbI, NMPU YMEHbLUEHWN 3TOr0 napa-
MeTpa namepseMasi He4eTKo TPaeKTopusa g(t) U paccun-
TaHHasA Ha ee OCHOBaHWUM 3PdEKTUBHAA UHOYKTUBHOCTb
KybuTa cTaHOBATCA cTOXacTuyHbiMK. [ducnepcus nony-
YeHHOro pacnpefeneHuns pactet. Matemartuyeckoe unu
npnbopHOe ycpeaHeHne 3TOM 3aBUCUMOCTU MO BPEMEHU
crnaxuBaeT ee konebaHusa v B npegene gaet cpegHee
HyneBoe 3HaudeHue. [Mpu 3TOM napameTpuyeckoe npe-
obpa3oBaHue 3Heprun B KybuTe, CBsI3aHHOE C nepeme-
HOW 3Haka WMHOYKTUBHOCTM 3a OAWH MEepuos HU3ko4va-
CTOTHbIX Pabu-ocunnnauui, Takke ncyesaert.

[1l. 3aknroyeHue

Takum obpa3om, B OTNMYME OT YMpPOLLEHHbIX MoAe-
new, B KOTOpbIX BTOpoe criaraemoe ¢opmynbl (2) He
YYUTBIBAETCS, Mbl MOXEM Oonee TOYHO onucaTb npoue-
aypy HHU B kybute. B yactHocTu, nony4ntb onTMmarnb-
HOe 3HayeHMe WHOYKTMBHOW CBs3W, Heobxoaumoe Ans
MaKCUMarnbHOro NPOsIBNEHNst KorepeHTHbIX 3dheKToB.
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Puc. 1. Cxema Puc. 2. Cemeticmso

3asucumocmeli 0OCHOBHO20 3asucumocmeli
U 8036yxOeHHO20 ypoeHeli ¢ha306bIx cuzHarlbHbIX
3Hepauu 3apsi0080- Xapakmepucmuk

gazoeoz0 kybuma om
sHewHez20 nomoka. CmeHa
3Haka aghchekmusHoU
uHOyKkmugHocmu Kybuma
MpuU HU3KOYaCMOMHbIX
Pabu-ocyunnayusix

ces13aHHO20 ¢ Kybumom
pEe30HaHCHO20 KOHMYypa
om 8HewHe20
MazHUMHO20 Momoka.
lMapamemp cemelicmea
— 8bIXOOHasi MOUWHOCMb
CBY-eeHepamopa

OkcnepumeHTarnbHble UCCneaoBaHUs KayeCcTBEHHO MoA-
TBEPXKOAKT MONnyyYeHHble pesynbTatbl. KoadduumeHTt
WHOYKTMBHOM CBA3WN MeXay KyOUTOM M M3MepuTenbHbIM
KOHTYPOM 33aeTCsl KOHCTPYKTMBHO U HE MOXET ObITb 13-
MEHeH B xofe akcnepumeHTa. OHako Bapbupyst amnmnm-
Tyny CBY-BO3a€eicTBMSA, Mbl MEHSIEM Takke yacToTy Pa-
6u-ocumnnsaumii. MNpu 3TOM MEHSIIOTCS Kak cama 3aBUCK-
MOCTb napamMmeTpa HevyeTKoCcTU og) , TaK U ee onTumanb-

Hble 3HaYyeHusA. ITO NPOSABNAETCHA B 9KCMEPVMMEHTAaNbHO
MONyYEHHbIX CUrHANbHbIX XapaKTepUCTUKaxX (pnc.2).
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EFFECT OF INFORMATION COMPONENT
OF INACCURATE CONTINUOUS MEASU-
REMENTS OF SIGNAL CHARACTERISTICS
QUBIT-DETECTORS WITH PARAMETRIC
TRANSFORMATION OF ENERGY

'Melnyk S. I., *Slipchenko N. 1. 2Shnyrkov V. I.
IKharkiv National University of Radio Electronics,
?B.Verkin Institute for Low Temperature Physics and
Engineering of the NASU, Ukraine

Abstract — The model of an inaccurate continuous measure-
ment of parametric energy conversion in the charge-phase qubit-
detector of Rabi oscillation modes is presented. Apart from the
inductive interaction of the qubit, the measuring circuit allows for
the effect of continuous partial collapse of the qubit state with its
inaccurate measurement. The present article considers the case
of practically pure continuous inaccurate measurement of the
signal qubit detector characteristics operating in a parametric
energy conversion mode. To describe it we have used a previously
developed [3] information approach to characterizing the dynam-
ics of the afore-mentioned type of measurement based upon the
the quantum Bayes theorem. We have also proposed a principle of
invariance for a classical trajectory of the detector in the course of
the continuous inaccurate measurement in relation to the mode of
qubit quantomechanic description [4].

I. Introduction

We have investigated the case of almost pure inaccurale
continuous measurement (ICM) of the signaling characteristics
of the qubit-detector mode parametric energy conversion. We
have describe previously developed information approach to the
description of the dynamics of WCI, based on quantum Bayes
theorem (QBT), and we proposed the principle of invariance of
the classical trajectory of the detector with respect to the WCM
method of quantum-mechanical description of the qubit.

Il. The Main Part

The effective value of inductance of a qubit in the measur-
ing circuit is given by the classical parameter, whose value can
be accurately determined by analyzing the signal characteris-
tics. On the other hand, it is inversely proportional to the curva-
ture of its energy level by @ (1) for the adiabatic mode of meas-
urement of the qubit pure state

For resonant excitation of a two-tier system with a microwave
field and measuring the effective value of the inverse inductance of
the qubit, we actually get the information on its phase coherent
state. This information (fuzzy) leads to a partial collapse to the one
of the qubit basic states. The associated change of state can be
calculated on the basis of QBT. We have previously shown that the
guantum-mechanical description of the dynamics associated with
the measurement of the phase of the Rabi-oscillations or the mag-
netic flux through the qubit or the effective energy are invariant
under the classical trajectory of the observed sensor. Therefore,
the formula derived for the evolution of the distribution of the re-
sults ofa WCM of energy [5], can be used to calculate the classical
values of the effective capacity of a qubit. Exploring the continuity
of the random process, it is seen that this equation can be trans-
formed to a differential equation of the Fokker-Planck equation (2),
and solved analytically.

By increasing the coupling coefficient of a qubit and detector
parameter increases, and the dynamics of the system goes firstin
the regime of quantum jumps, and then frozen in the ground state
(the quantum Zeno effect, with a clear continuous measurement).
The effect of parametric conversion of energy also disappeares.

On the other hand, as this parameter decreases, the inac-
curately measured trajectory ¢ (t) and calculated qubit induct-
ance tend to be stochastic. The dispersion is growing. The
mathematical or equipment time-dependent averaging
smoothes its fluctuations and yield s a limiting zero value. In
this case the parametric energy conversion in a qubit associat-
ed with a variations in the inductance sign for one low-
frequency Rabi oscillations period disappears as well.

I1l. Conclusion

Thus, in contrast to the simplified models in which the se-
cond term of (2) is not taken into account, we can describe ICM
the procedure in the qubit more accurately. In particular, to
obtain the optimal value of inductive coupling, it is necessary
that coherent effects show their maximum manifestation. Exper-
imental studies qualitatively confirm the results. It is shown that
there exists an optimal value of the parameter measuring the
weakness to observe the effect.
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