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Squeezing - a new nonclassical effect in radiation theory -
has recently become the subject of extensive theoretical /1-16/ and
experimental works /21/. Squeezing is characterized by a field state
in which the variance of two noncommuting observables is less than
one half of the absolute value of their commutator, The reduced quan-
tum fluctuations in resonance fluorescence have been investigated
in /9-15/. In the work /15/ the collective effects on squeezing
in resonance fluorescence have been discussed. In these works the
received squeezing was small,

In this paper we discuss the reduced quantum fluctuation of
the mixture of two spectrum sidebands in collective resonance fluo-
rescence, A large squeezing of the mixture of sidebands is presented
while it is absent for the whole field of resonance fluorescence, The
N two-level atoms, concentrated in a region small compared to the
wavelength of all the relevant radiation modes, interact with a mono-
chromatic driving field with requency and with an emitted field
(Fig.1). In treating the external field classically and using the
Born and Markov approximation with respect to the coupling of the
system with the vacuum field, one can obtain a ‘master equation for
the reduced density matrix ¢ for the system alone in the form /17/

5'
%“fq—' [ (Jgq- ,,)'f‘G(J.u"a,))fJ

" %y (% %P 395, swed= LE
(1)

where -l‘x;4 is the .radiative spontaneous transition probability
per unit time for a single atom to chanye from the level «J2 » to

1> &: w,z_ - O is the frequnecy .detuning of & resonanceg
a.'= 0‘24 E, is the matrix element of the driving field ard ator
interaction. The operators JlJ = 1 L.> < I (L y= 4.2)

K=
are the collective angular momenta of tbe atoms. They satisfy the
commutation relation
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momentum /22/

where C; obey the boson commutation relation
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Further, we consider only the case of intense driving field or
of large detuning &  so that

L/
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After performing the canonical transformation
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where t? ,Zf = s ?
one can find that the Liouville operator L appearing in equation
(1) splits into two components L, and L,, . The component Lo
is slowly varying in time whereas L4 contains rapidly oscillating
terms at frequencies 245 and 4 L1 , For the case of in tense dri-

ving field or large detuning & so that the condition (2) is satis-
fied, it is reasonable to make the secular approximation, i.e., to
retain only the slowly varying part /17,18/. A correction to the re-
sults obtained in this fashion will be of an order of ( Y y/.n.)".

Making the secular approxirmation, one can find the stationary
solution of the master equation
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INs> is an eigenstate of the operators R“ , N Y 7 R.zx_
here -+
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The operators QL. satisfy the boson commutation relation
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80 that
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In the case of resonance X = 1, the solution (4) reduces to the
solution of Agarwal ‘et al./17/.

By using solution (4) one can calculate the statistical
moments < R™"> where (B% indicates the expectation value
of an operator B in steady-state (4 ). In particular, we find
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The variance of the fluctuations in the fluorescent field may
be derived by using the following relation between the radia-
tion field and the atomic operstor in the far-field 1limit /12-15/:
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d, and X are the transition diP,ole moment and the observation
point vector, respectively; A = |[X ] 5 E®) ig the positive~fre- -
quency part of the radiation field.

We shall consider the variance of fluctuations in the in=-phase

( E4) and out-of-phase components (EZ) of the scattered field
amplitude
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ile speak of squeezing in the radiation field if the normally orde- here
w
red variance of the electric components 54 or 52 is less than
zero /12-15/. : {
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From the canonical. transformation (3), one can find The values <’R44?; and <'F;1 ,? can be found in relations (6-7).
i From relations (13-14) one can see that the squeezing occurs
2 P - (7 in the in-phase comporent E . The detailed behaviour of the nor-
3:24 = Rz” Cos™¢ - k1241r71 ¢ + (R, R'M)" G&G p omp 4 . ailed be our of the no
mally ordered variance of the electric component E, against the
. . parameter X is plotted in Fig. 2. As i3 shown in Fig. 2, the
T e b -R co .
542: R1ZCOS ¢ - R,M Sire § t( Riz 44)4Ln9 J‘f substantial squeezing occurs for the mixture of two sidebands while

Due to Apanasevich and Kilin /19/ one can consider the operators
R,, (+)- R, (¥) as the sources of spect-
and ¢&J . The
reduced quantum fluctuations for the whole scattered field are inves- ~ p
tigated in the work /9-14/. In this paper we consider only the reduc= J}c = 2 ( 3;2‘
A
J
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tions of quantum fluctuations of the mixture of sidebands. After

substituting the operator 3;2'
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and using the steady-state solution (4), one can find
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in the relation (8) by the operator

the optimum normally ordered variance of the electric components of
am the whole scattered field can reach the value - 5, (%I /10/ and
for our case of intense driving field or large detuning J the
squeezing of the wholeé scattered field is absent. Ir. conclusion

we note that the factor of squeezing for atomic operators

+ J )
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(13) By using the relation (12) one can show that the factor of squeezing

can reach the value [,
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= 0,5 fo.r any number of atoms N .
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