BbiBOA npaBuaa bopHa U3 YHUTAPHOCTHU
KBAaHTOBOMW 3B0/1IOLUN

[. 6. lecosuk ( UT® nm. 1.[. NaHgay )

Ona Toro, yToH6bl KBAHTOBAA MEXaHMKa Obl/la 3aMKHYTOM Teopmen HeobxoaMmo He

nocTynMpoBaTb NpaBuao bopHa, a MmeTb cnocob ero BbiIBOAA W3 YPaBHEHWUI ABUXKEHMUA
(Hanpumep, ypaBHeHus LLpeanHrepa).

B onpeaeneHHOM CTENeHn 3TO CAENAHO B HECKOJIbKUX CTaTbAX, Ha4MHaA co ctaTbu [onya 1999
roga. Mbl ynpocTuau aprymeHTbl NpeablayLLnX aBTOPOB U

B JaHHOW paboTe NoKaxem, Kak BbliBeCTU NpaBuio BopHa, cnonb3ya To, YTO B NpoLecce
YHUTapPHOM 3BostouMmn Hopma cocToaHuma (W | W) coxpaHaeTca. MMeHHO 3To 06CToATENbCTBO
B KOHEYHOM cyeTe BeAeT K TOMY, YTO BEPOATHOCTb COObITUIN B KBAHTOBOM MeXaHUKe

onpeaenaeTcsa KBaapaToOmM BOJIHOBOM QYHKLUN.

Mbl M310XKMM aprymMeHTbl B AyXe MHOTOMUPOBOM MHTEPNPETaLMn B NONb3y TOro, YTO KBAHTOBasA
MeXaHWKa IBNAETCS ecTeCTBEHHbIM 06pa3om BEPOATHOCTHOM Teopuen. Mpu aTom
CNYY4aMHOCTb NOABNAETCA KaK pe3ynbTaT NpeAcTaBAeHUA BOAHbI (BONHOBOM (PYHKLUMK) Npu

MOMOLLM ANCKPETHOIro 06BbEKTA — NpMbOpPaA, KOTOPbIN MOMKET AETEKTUPOBATL TO/IbKO OAHO U3
BO3MOXHbIX 3HAYEHUI MHAMMYECKON NEPEMEHHON.
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[MpegnonoxeHme (akcmoma) o COXpaHEeHUM
BEPOATHOCTU
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M3mepeHne HannYmAa sSNEeKTPOHA B KBAHTOBOM
TOYKe




BO3HMKHOBEHME KBAHTOBOWM C/IY4AaUHOCTU
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Repeated measurements as typically occurring in two-time correlators rely on von Neumann'’s pro-
jection postulate telling how to restart the system after a measurement. We describe an alternative
procedure where co-evolving quantum memories extract system information through entanglement,
combined with a final readout of the memories according to Born’s rule. We apply this procedure
to the ealculation of the electron charge correlator in mesoscopic physics and the photon intensity
correlator in quantum optics. While our approach to repeated quantum measurements deals with

any system-memory coupling, we show that the limits of strong (weak) measurements are correctly
reproduced at strong (weak) coupling.



OnucaHne NOBTOPHbIX U3MmepeHna bes
MCNONb30BaHUA NPOEKLMOHHOro nocTtynata ¢poH
HenmaHa
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FIG. 1: Schematic illustration of different measurement pro-
cedures for a two-time (71, T2 > 71) correlator: (a) strong
measurement described by von Neumann projection acting
directly on the system at time 7 and providing a projected
correlator S* after readout at 72; for a weak measurement,
the von Neumann projection at time 71 acts on the weakly
coupled detector. (b) Repeated measurement without von
Neumann projection at 7i: unitary co-evolution of system
and quantum memories which are entangled at times 71 and
T2 and final readout after 72. The coupling strength between
the system and the quantum memories determines the degree
of entanglement.




OnucaHme NOBTOPHbIX UBSMEPEHUA C MOMOLLbIO
KTK 6e3 ncnosnb3oBaHua npoekunmn ¢poH
HenmaHa




Ob6paTUMOCTb NPOLLECCOB

B kBaHTOROH MeXaHHKe TNO0JOKEeHHe CYIIECTBEHHO MEHAeTCH,
Kok nisecTHO, OCHOBHOC YPABHEHHE KBAHTOBOH MEXAHHKH — ypas-
Wenne Hlpeannrepa —camo no cebe CHMMETPHYHO 110 OTHOUWIEHHIO
WIMCHEHHMIO 3HAKA BpeMeHH (NpH YCIOBHH OJHOBPEMEHHOH 3a-
Wi, soanosoit Gyaxkuun W ona ¥ *). D10 3HAYMT, YTO CCIAM B HE-
WIop L MOMEHT BpeMmenn f = {; BoaHoBas (QyHKuust 3aaana, W =
W (f,), n, cornacuo ypasHeuuio lllpeaunrepa, s Apyron MOMEHT
eMenn f = f, ona JoJ/KHa crath paBHoit W({;), TO nepexoa or
"4) Kk W(f;) oOpaTuMm; APYTHMH CJAOBAMH, €CJH B HAYaJAbHBIH MO-
iy [ — ¢, 66110 661 W = ¥*({;), TO B MOMeHT { = {; Oyaer W=
s W (7)), HecMoTps, ONHAKO, HA 3TY CHMMETPHIO, KBAHTOBas Mexa-
i 1 ACHCTBHTEABHOCTH CYUIECTBEHHBIM 00pa3oM COAEPXKUT He-
WO ICHTHOCTE OOOMX HanpapJeHHi BpemMeHH. DTa HEeIKBHBAJIEHT-

L HIPpOsiBAsieTCs B CBH3H C OCHOBHBIM JIJTH KBaAHTOBOH MEeXdHHuKH
HucCom B3aHMOACHCTBHY KBAHTOBOMEX@HHYECKOTO OOBLCKTA € CH-
ofl, NoAUMMHSKWIEHCT C NOCTATOUHOH CTEeNeHLIO TOYHOCTH KJac-

cHUecKOol MexanHuke. MMeHHO, ec/in ¢ JaHHBIM KBAHTOBLIM OOBEKTOM
[oCJeAOBaTEeNLHO NPOHCXOAAT ABa npouecca p3aumoaencTeus (Ha-
sopeM ux A u B), TO YTBEpPKACHHE, YTO BEPOSATHOCTL TOrT0 HJIH HHO-
ro peayasTaTa npouecca B onpeaeasiercs peayabTaToMm nponecca A,
MOXKET ObiTh CIpPAaBEAJHBO JHIIL B TOM cJyuae, ecan npouecc A
HMEeJ MecTo panbumie npouecca B (cMm. raxxke I, § 7).



Ob6paTUMOCTb NPOLLECCOB

Taknm 006pa3oM, B KBAHTOBOH MeXaHHKe HMeeTcs (uanueckas
HEIKBUBAJEKTHOCT OBOMX HATIPABJICHWH BPEMEHH, W B TPHHUKNE
3aKOH BO3DACTAHHS HTPONUH MO Ohl OBITb €¢ MAKPOCKONHYECKHM |
BhipaKcHuen. B TakoM cayuae JOMKHO GBI0 Gbl CYUIECTBOBATH CO-/
AepIKaliee KBAHTOBYID MOCTOSHHYIO fi HEPABEHCTBO, OOECHEYHBAI0-
[{ee CipaBeidHBOCTL 3TN0 3aKOHA W BBHINOJHSIOUEECS B PealbHOM
mupe. OAHAKO A0 HACTOAILErO BPEMCHH HHKOMY He yna.'wct;i

CKOJILKO-HHOYAL VOSAHTEALHBIM 00pa3oM NpPOCACAHTh TAKYIO CBH3
H TOKa3aTh, 4TO OHA ACHCTBHTEALHO HMEET MECTO.



