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Polarization of Dipole Radiation in Quantum Domain
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For a dipole radiation, the set of generalized Stokes parameters and corresponding Stokes operators
are discussed. A qualitatively new behavior of quantum fluctuations of the Stokes parameters is
predicted. The possibility to check this behavior in the eight-port operational measurement is shown.
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The polarization properties of a classical radiation argponents with the opposite helicities white = 0 specifies
usually specified by the set of Stokes parameters [1fhe linearly polarized longitudinal component. Hence, the
determined for a transverse field either in the lineartensor of polarization has nine components and as usual it
polarization basis or in the circular polarization basis. Thas represented as a superposition of a diagonal and Hermi-
quantum counterpart is provided by the Stokes operatorsan parts. Therefore, the polarization is specified by five
which can be obtained from the Stokes parameters bgeal parameters. Actually, we have the intensities of three
standard quantization of the field amplitudes [2,3]. Let uscomponents and the phase differences between the compo-
stress here that within the quantum optics, describing thaeentsA,,, such that)’,, A,..+1 = 0 as the independent
radiation as a beam of photons, the polarization shoulgparameters. Let us stress the difference with the case of a
be determined as a given spin state of photons, formingurely transversal field when the tensor of polarization has
the beam. Spin of a photon is defined as the minimunonly four components and polarization is specified by three
value of the angular momentum and is equalltée.g., real parameters (two intensities and one phase difference).
see [4]). Thus, it has three projections and therefore just It is now a straightforward matter to arrive at the
three spin states and corresponding polarizations shoufdllowing relations, determining the generalized Stokes

be taken into consideration. parameters of the dipole radiation [7]:
An example is provided by a dipole radiation when, 5o = Z'E* - EP
due to the selection rules, the photons with the angular — ’
momentuml are emitted. It is well known that even in R .. R
the classical picture, the dipole radiation always has alon- 51 = ReD (E;, - E)*(Ej,,, - E),
gitudinal component in addition to the transversal compo- m
nents [5]. Since this component decays with the distance _ o N
quite rapidly, it is neglected in the far zone where the 52 Im%(E’" EY By - B), @
standard Stokes parameters for a completely transverse 53 = |E* - E|® — Ifji B

field are determined. Thus, the conventional definition . N . . .
of the Stokes parameters of the dipole radiation should  s4 = 2|E; - EI* — (IE% - EI* + |E* - EI*).
be considered as an approximation which is known tQyere,, = 0, +1, E,, = E,,,,, and

be valid in the far zone. However, it is not a case in

the quantum domain where one cannot neglect the lon- E= Z(a}\jmé)\jm + c.c),
gitudinal component priori. Actually, even in the far Ajm

zone, Where_the Iongltudlnz_all component with the pro- Apjm = ] 2 dr dQ E;m - E
jection of spinm = 0 contains very few photons and /

could be approximated by the vacuum state, it may conThen the generalized Stokes operators can be obtained
tribute into the quantum fluctuations of different physicalfrom (1) by quantization of the field amplitudes in the
parameters. Therefore, it seems to be important to estiepresentation of spherical photons [8] as follows:

mate the contribution of the longitudinal component with

no resort to the transverse field approximation. So = Z‘l;a’"’
In view of this aim, let us consider the classical tensor T
of polarization [6] with the components which are slowly S = —=[@f +a)ay + ata, + H.cl,
varying bilinear forms with respect to the complex electric 2
field amplitudest, ;,, where the index shows the type of _ Theor aia At A
radiation (either electric or magnetic) angn (Im| < j) $: = 5 l@y —ad)a +azay —Hel, (2
are the indexes of the multipole expansion [5]. In the So=ata. — ata
case of a dipole radiatioh= 1,m = 0, =1. The modes 3 -4 T el
with m = =1 correspond to the circularly polarized com- Sy =2agag — (aTar +ata-).
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Here the operatorg,, describe the dipole photons with  On the contrary,[S;,S,] = 0 and [S;2,S0] = 0 so
the angular momentum = 1 and projectionn. that these three generalized Stokes parameters can be
To establish contact with the standard definitions of theneasured at once. Moreover, the operatfysS, are
Stokes parameters and operators, let us|pyt = 0 in  directly connected with the operators of cosine and sine of
(1). Under this assumption, Egs. (1) formally coincidethe azimuthal phase of angular momentum of the dipole
with the definition of ordinary Stokes parameters in theradiation [7,9] and can be obtained from the conservation
circular polarization basis (e.g., see [1,5]). Since theof the angular momentum in the process of radiation. The
above assumption corresponds to the transverse wawdifference in the commutation properties can be traced
approximation (in far zone), one can quantize the reduceth the most clear way in the quantum fluctuations of the
Egs. (1) with respect to the “plane photons” with givenStokes parameters. Precisely, in the case of generalized
linear momentum to get the standard Stokes operators [Btokes operators (2) we get for the variance
of the form

1
So = atas +ata, Vs = laP(1 + 2 cosa. ). 6)
1 . .
S = 3(&f&+ +afa-), while V(S)) = |a|?>/2. Thus, the quantum fluctuations
3) of §; are much stronger than that f§y. Moreover, they
S, = l(&+& —ata) are gqualitatively different because of the dependence on
2t R Ay_ in (6). A similar result can be obtained fés and

S, as well. Let us stress that the fluctuations of the total
R intensitiesS, and Sy have the same magnitude in the case
Here the operatorsi. = (a, * ia,)/~/2 describe the of the vacuum longitudinal field under consideration.
photons with two possible helicities in terms of the Thys, it is shown that the contribution of the longitudi-
photons with two linear polarizations in the transversenal component of dipole radiation into the quantum fluc-
field [3]. tuations of the Stokes parameters is important even if this
Let us compare the definitions (2) and (3). Suppos&omponent is taken in the vacuum state when it does not
that the longitudinal component of the dipole radiation iscontribute into the Stokes parameters per se. Because of
in the vacuum state (far zone). Then the averaging withhe commutation properties of the operators (2), the eight-
respect to the state of radiation field leads to the equalitiegort operational scheme [10,11] might be used to detect
(So) = —(S4) = (Sy), the varianced/(S;,) to make sure of thé dependence
(4)  predicted by Eq. (6). The above results are valid for both
(Sk) = (Sw), k=123, electric and magnetic dipole radiation. Similar results can
expressing the fact that the standard definition of thde obtained for other multipole radiations.
Stokes parameters follows from more general formulas One of the authors (A. S.) thanks Dr. V. Rupasov from
(1). In a particular case of some considerable interesthe University of Toronto for stimulating discussions.
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