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KorepeHTHOCTb B KnnacCU4YeCKOU ONnTUKe

IIBa CBA3AHHBIX MATEMATHUYECKHUX
MasATHHUKa

KONEPEHTHOCTDb (ot nat. cohaerens - HaxogsLWMNUCs B CBA3U) - corfiacoBaHHoOEe
NpoTEKaHne BO BPEMEHM HECKOSbKUX KorebaTenbHbIX 1M BONHOBBLIX nNpoueccos. Ecnn
pasHOCTb has 2 kornebaHum ocTaeTcsa NOCTOAHHON BO BPEMEHU NN MEHSETCSA MO CTPOro
onpeneneHHoMy 3aKkoHy, To KofiebaHnsa HasbiBalOTCA KorepeHTHbIMU. Konebanug, y
KOTOpPbIX pa3HOCTb (ha3 nameHsaetTca becnopsigoyHO M BLICTPO MO CPaBHEHUIO C UX
nepuvoaoM, Ha3bIBalOTCS HEKOrEPEHTHbLIMM.
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dopmanmnam KoppensaumMoHHbIX TEH30poB O. Bonbda nossonsier
nocnenoBaTenbHO onucaTtb 60nbLIOe KONMNMYECTBO MHTEPAEPEHLIMOHHbIX
9dEeKTOB B OMNMTUKE:

* IHTepdepeHUNOHHBIN OnbIT
KOHra

* MuTeppepomeTp MankernbcoHa

» KonbLua HbtoToHa

* IHTepdepeHUna cBeTa Ha TOHKNX
nreHkax

OgHako Ona onucaHus aKcnepuMeHTa
XaHbepu bpayHa — TBucca no usamMepeHuro
yrnoBbix gnameTtpoB 3Be3n (1957) wu
HENMTMHENHbLIX ONTUYEeCKUX adpdeKkToB
(reHepauusa rapMoHWUK, BbIHYXOEHHOE
KoMbnHaunoHHoe paccesaHue U ap.
HeobXxoanMmMo BBOAUTb KOPPENAUNOHHbIE
TeH30pbl 60nee BbLICOKWUX pPaHroB.
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KorepeHTHble COCTOAHUA B KBAHTOBOW ONTUKE

OTa npobnema 6bina peweHa B 1963 r. P. [maybepom, KOTOpbIN

NOCTPOWUN KBAHTOBYIO TEOPMIO KOFEPEHTHOCTU. bbinn NCNoNb30BaHbI
KOrepEeHTHbIE COCTOSIHUS MOAbl NOsst (rapMOHNYECKOro ocuunnsaTopa)
N BBEOEHbI KBAHTOBbIE KOPPENSLUMOHHbIE TEH30PbI, 0bobLLIatoLme
KJlaccn4yecKkmne BerimimHbl Jaﬂ

R. Glauber, J.R. Klauder, E.C.G. Sudarshan

- - i e
the canonical 4-momentum or gives infinite results. In  and, in the case of hydrogen, with small corrections for
our case of point charges in circular motion, the right- the motion of the nucleus.
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Coherent and Incoherent States of the Radiation Field*

Roy J. GLauser
Lymawn Laboratory of Physics, Harvard Unsversity, Cambridge, Massachusells
(Received 29 April 1963)

Methods are developed for discussing the photon statistics of arbitrary radiation ficlds in fully quantum-
mechanical terms, In order to keep the classical limit of quantum electrodynamics plainly in view, extensive
use is made of the coherent states of the field, These states, which reduce the field correlation functions to
factorized forms, are shown to offer a convenient basis for the description of fields of all types. Although
they are not orthogonal to one another, the coherent states form a complete set, It is shown that any quan-
tum state of the field may be expanded in terms of them in a unique way. Expansions are also developed
for arbitrary operators in terms of products of the coherent state vectors. These expansions are discussed as a
general method of representing the density operator for the field. A particular form is exhibited for the
density operator which makes it possible to carry out many quantum-mechanical calculations by methods
resembling those of classical theory. This representation permits clear insights into the essential distinction
between the quantum and classical descriptions of the field, It leads, in addition, to a simple formulation
of a superposition law for photon fields. Detailed discussions are given of the incoherent fields which are
generated by superposing the outputs of many stationary sources. These fickds are all shown to have inti-
mately related properties, tome of which have been known for the particular case of blackbody radiation,

I. INTRODUCTION to begin the development of a fully quantum-mechanical

approach to the problems of photon statistics, We have
quoted several of the results of this work in a recent
note,! and shall devote much of the present paper to
explaining the background of the material reported
there.

Most of the mathematical development of quantum
electrodynamics to date has been carried out through
the nse of a narticular set of onantnm states for the

EW problems of physics have received more atten-
tion in the past than those posed by the dual wave-
particle properties of light. ‘The story of the solution of
these problems is a familiar one. It has culminated in
the development of a remarkably versatile quantum
theory of the electromagnetic field. Yet, for reasons

which are partly mathematical and partly, perhaps, the
N | F & NN L B WS | £al.. 2 - £ i
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KorepeHTHble COCTOAHUA N KBAHTOBbLI€ KOBPbI
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W. P. Schleich, 1998
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KBaHTOBblE KOppenAUNOHHbIE OYHKLMN N CTaTUCTUKA OOTOOTCHYETOB
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30echb p - CTaTUCTUYECKUIA onepaTop (MaTpuua NNoOTHOCTH)

PHYSICAL REVIEW

The Quantum Theory of Optical Coherence*

Roy J. GLauser
Lymasn Laboratory of Physics, Harvard University, Cambridge, Massachusetls
(Received 11 February 1963)

The concept of coherence which has conventionally been used in optics is found to be inadequate to the
needs of recently opened areas of experiment. To provide a fuller discussion of coherence, a succession of
correlation functions for the complex field strengths is defined. The nth order function expresses the correla-
tion of values of the fields at 2x different points of space and time. Certain values of these functions are
measurable by means of n-fold delayed coincidence detection of photons. A fully coherent field is defined as
one whose correlation functions satisfy an infinite succession of stated conditions. Various orders of incomplete
coherence are distinguished, according to the number of coherence conditions actually satisfied. It is noted
that the fields historically described as coherent in optics have only first-order coherence. On the other
hand, the existence, in principle, of fields coherent to all orders is shown both in quantum theory and classical
theory. The methods used in these discussions apply to fields of arbitrary time dependence, It is shown, as a
result, that coherence does not require monochromaticity. Coherent fields can be generated with arbitrary

spectra,

L INTRODUCTION

ORRELATION, it has long been recognized, plays

a fundamental role in the concept of optical co-
herence. Techniques for both the generation and detec-
tion of various types of correlations in optical fields have
advanced rapidly in recent years. The development of
the optical maser, in particular, has led to the generation
of fields with a range of correlation unprecedented at
optical frequencies. The use of techniques of coincidence
detection of photons®2 has, in the same period, shown
the existence of unanticipated correlations in the arrival
times of light quanta. The new approaches to optics,
which such developments will allow us to explore,
suggest the need for a fundamental discussion of the

meaning of cob

VOLUME 130,

NUMBER 6 15 JUNE 1963

have also attempted to develop the discussion in a fully
quantum theoretical way.

It would hardly seem that any justification is neces-
sary for discussing the theory of light quanta in quantum
theoretical terms. Yet, as we all know, the successes of
classical theory in dealing with optical experiments have
been so great that we feel no hesitation in introducing
optics as a sophomore course. The quantum theory, in
other words, has had only a fraction of the influence
upon optics that optics has historically had upon
quantum theory. The explanation, no doubt, lies in the
fact that optical experiments to date have paid very
little attention to individual photons. To the extent
that observations in optics have been confined to the

o(1) :jP(a:,cz*) laa|d e,
i
d’a=dReadlmea

Trp= jP({l,a*)dE{x =1
C

POTOH MHTEPdEPUPYET CaM C
cobon...

measurement of ordiparv light intensities, it is not

HabnoaeHne nHtepdepeHumn
OBYX OOTOHOB, UCMYLLEHHbIX
pasHbIMKM aToMamMn pybuaus.
J. Beugnot, et al Nature, 440, 779 (2006) 17




CxaTble cocTosiHUA U cxaTtbin cBeT, D. Stoler, 1970
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Teopwuda rpynn 1 KBaHTOBaA ONTUKA

CVIMMeTpI/II/I B TEopunmn arnemMeHTapHbIX 4actul,
A0ep, atoOMOB N MOJIEKYI

HennHenHaa ontuka
CBepxusnyyeHue

CxaTtbli cBET

KBaHTOBbLIN XaocC

[1ByX- 1 MHOroypOBHEBbIE aTOMbI
Cavity QED, micromaser
[lnccmnaTtuBHbIE KBAHTOBLIE CUCTEMBI

A 20
tO0.H. [lemkos B.. MaHbko N.A. WenenwH Y.X. Konsunnem



KBaHTOBas ontuka u MHOIroypoBHeBblie aTOMbI
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[ByxypoBHEBLIN aToM U chepa brnoxa, ctepeorpaduyeckoe otobpaxeHne 21
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HoBble ABNeHus n HoBble I1p06ﬂeMbI

« ATOMHbIE MYYKN N KBAHTOBAA 3JIEKTPOANHaAMMNKaA PE3OHATOPOB

* ATOMHbIE KOHAEHCATbl, aTOMHbIN fla3ep

* JlazepHoe oxnaxaeHue >
- KBaHTOBas Teopus nHhopmaumum

« 3anyTaHHble COCTOSIHUSA, AEeKOrepeHLUns

« KBaHTOBbIE BbIMNCIEHUA U KBAHTOBbIE KOMIMbHOTEPbI

- KBaHTOBas kpuntorpadus B.C. Jletoxos

Nucmumym cnekmpockonuu PAH,

« KBaHTOBaga Tenenoptauus, napagokc IMP 2. Tpouuk, Mock. 067,

* BHOBb aKkTyanbHa nHTepnpeTaumns KBaHTOBON MEXaHMNKN?!
« KBaHTOBbIe Hepa3pyLlaruwme (nondemolition) n3aMmepeHud

 KBAHTOBbIE YUNbI
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KBaHTOBas uHopmauus

- KBaHTOBbI@ COCTOSIHUSI, MaTpmua NMNJIOTHOCTU (YUCTbIE N
CMellaHHble COCTOSIHUSA)
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- KBaHTOBas 3HTponNuA
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* BbluncneHume Kak omanyecKkum npouyecc, KBaHTOBbIN
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KBaHTOBbLIE BbIMUCNEHUSA
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SU(2), SU(N) @ Py

KybuT, kyperncrpeol
KBaHTOBbIE BEHTUMN
KBaHTOBbLIE anropuTMbil
e Anroputm [Henva

e Anroputm LLlopa, 1994

e Anroputm Kutaesa,
aHUOHDI

KBaHTOBasa Kpuntorpadus
[lekorepeHuus
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JTrobaga kKBaHTOBO MexaHun4yeckasd
KOrepeHTHasi CucTema MOXET ObITb
Mcnonb3oBaHa Ansi peanusaunm naen
KBaHTOBbIX BbIYUCIIEHUN.

OOUHOYHbIE POTOHbLI

AAepHble CMUHbI

MOHbI B JIOBYLUKaX

3NIeKTPOHbI B KBAHTOBbIX TOYKaX
cBepxnpoBoAasiLime KBaHTOBbIEe Lenu

NMpeunmyLiecTBa TBepAOTESNIbHbLIX

peanusauumu OXXO3E®PCOHOBCKUE
« MacLTabmpyemocTb : KYBUTDI

* UCMNONb30BaHMe COBpPeMEHHON nuTorpadoum
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J2x03e(pCOHOBCKUI KYOUT — MAKPOCKONIMYECCKHUH “aToM

K KOmopomy MOHCHO npucoeduuumb npoeoda
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3anyTaHHble (entangled) cocTosiHUA
N KBaHTOBaA Tenenoprauus

“*P> _‘ ¢1>‘ ¢> (bakTOpMN30BaHHOE
— 2

COCTOdAHNE

1 3anyTaHHOE COCTOsIHUE:
‘xp> _ (‘ >‘ > _|_‘ >‘ >) COCTOSIHME BCEN CUCTEMbI He
J2 Yl V2/1P MOXXET ObITb BbIpa)eHo
yepe3 COCTOAHUSA OTAENbHbIX
noacucrem

CywecTByeT KOppensuusa Mexay COCTOSHUAMN NOACUCTEM

*|  Mapapokc dnHwTenHa, Mogonbckoro, Po3eHa, 1935 r.
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[MpuHUMNUanbHbIE NPOGNEMbI
KBAHTOBOW ONTUKU

Cenmabps 1998 2. Tom 168, Ne 9
VCIIEXH ®PU3ZHYECKHUX HAVYK

OB30Phl AKTYAJIBHLIX ITPOBJIEM

OcHoBHbIE NOHATHS KBAHTOBO#H (PH3AKH
C ONepalHOHAILHON TOYKH 3PeHHS

J.H. Kisinko

CMBICA OCHOBHBLX NOHAMUIL HEPELAMUBUCMCK Ol KEAHMOBOT duIUKY — 80.1HO8AA PYHKYUA, pedyKyua, npuzomos-
ACHUE W UIMEPEHUE COCMOAHUA, NPOERYUOHNBITL HOCTHYAQM, COOMHOWEHIE REONPEDEAEHHOCMEN — NOACHACHICA ¢
ROMOWBIY PEAAUCIUNECKUX IKCREPUMENMAABHNX npoyedyp. 110 Mepe 803MONCHOCHIN NPUSIEKAIOMCA KAACCUNe-
cKue anatozuu. B xavecmee npumepos paccMampusaiomcn UiMepeHia NOARPUsayuy Gomonos, KoopouHanisl u
uMnyabcd wacmuy, a makxce xoppeaayuu pnumeiina — IHodoasckozo — Pozena, sgidhexmn Aaponosa— Boma,
"keanmosot meaenopmayuu" u Op. OBCYHCOMOMCA PaTAUNHBIE NPUIHAKY HEKAGCCUNROCIY KEANMOBbLX Modeeil
muyna aimMuzpynnuposku @Gomonoe U HapyueHua Hepasencms beaaa.

PACS number: 03.65.Bz

Copepxanue 7. 3akmosense (1010).

8. Tpanowesns (1012).
1. Beeneume (975). [. Cobcrrernbie BeKkTOPM oneparopos Croxca i napanoxe ['puabep-
1.  Onepaunonaneaesi nonxox (977). repa — Xopua — Haiinuerepa. [I. K Teopan "kpantosoil Tenenopra-
3. Kaszcewdeckne sepostaocTa (978), ",
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1. Polarization-entangled photon pairs are created

2. Alice and Bob measure the polarization state of the photons randomly in either the 0°/90° (H/V) or
the 45°/-45° (+/-) basis.

3. Public comparison of the measurement bases. Only detection events measured in the same basis are
correlated and therefore kept as key bits.

4. Parts of the keys are compared -> are they not identical, an eavesdroper may be present.

A. Zeilinger
J KBaHTOBas Kpunrtorpadus
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http://en.wikipedia.org/wiki/Image:Zeilinger.JPG
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