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The influence of a thermal field on the squeezing for the mixture of 1wo sidebands of
Mollow's triplet is investigated.

Recently, the problem of a squeezed state of the light is one of the central topics
of the quantum optics. A large number of theoretical papers is concentrated on
the properties of the squeezed state, various schemes of the generation and
applications of this quantum light.!"**'" Also the squeezed light has becn
generated in several laboratories. ™"

The squeezing in the resonange fluorescence from a single''""* or many
atoms'*>"* has been discussed in many works. In the papers by Bogolubov et
al.,'"®'7 Lavander et al.' the large squeezing in the mixiure of the two sidebands of
collective resonance fluorescence has been shown for the case of the intense
external field when the squeezing is absent in all Mollow’s triplets taken
separately. As has been shown in Refs. 16-18, the collective effects increase the
degree of squeezing of two sidebands so that two sidebands may give a rather
intense light (intensity is proportional to the number of atoms N} with large
degrees of squeezing.

A more realistic calculation of the squeezing should take the black-body
radiation, into consideration, especially for the experiments with Rydberg
atoms.’*2 In this letter, we investigate the effect of the thermal field on the
squeezing in the mixture of two sidebands of the fluorescence field, Let N two-
level atoms (Dicke model) be interacting with a single-mode coherent field of the
frequency w, and coupling to a reservoir containing all modes of the radiation
field. In treating the external field classically and using the Markov and rotating
wave approximation for describing the coupling of the system with the thermal
rescrvoir, one arrives at the following master equation for the reduced alomic
density operators?:;
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where & = wy — w, is the detuning of the laser frequency e, from the atomic
resonance frequency w;, (wy = W, — w1 b= 1), G ~ — d,, E, is the resonant
Rabi frequency; y is the radiative spontancous transition rate from the excited
level |2) to the ground state |1);

A = 7 {wy) = [exp(w,,/kT)— 1] is the photon number in the broad-hand
thermal field provided by the reservoir at the atomic frequency wy,; J,(i,j=1,2)
are the collective operators (angular momenta) describing the atomic system and
having in the Schwinger representation the following form'*":

Jr} = ("rf C“; (”J = 1' 2),
where the operators C;and C! obey the bason commutation relations

[C, Cl =4,

/3]

and can be treated as annihilation and creation operators for atoms populating
the Jevet |/).

We note that the moedel master equation (1) applies to the case of many Ryberg
atoms in low-Q cavity provided that y is replaced by the approprnate cavity
damping constant (kg*/(k? + 32)) where k is the decay constant of the cavily, g is
the atom-cavity mode coupling constant and J, is the cavity detuning® and 7 is
taken at the frequency of the single cavity mode.

Further, we restrict our consideration to a strong laser field or to a large
detuning J so that the Rabi frequency Q satisfies the following relation

1 142
Q= (z ST+ GI) >> Ny, Ay, (2)

After performing the canonical (dressing) transformation

C, = @ cosg+ Q,sin g,
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;= — @ysing+ Q;cos p, 3)
where tg 29 = 2G/4.

The Liouville operator {. appearing in Eq. (1) is splitted into the slowly varying
part and the terms oscillating at frequencies 2£2 and 4€. In thle case 79(' large Q
according to the relation (2) one can use the secular approximation,'*'" i.e., retain
only the slowly varying part of the Liouville operator and find the steady-state

solution of the master equation in the form

N
Pa=z" > X"|m)(m], @)

=0

where p = U, U with U being the unilary operator representing the canonical
tranformation (3)

(7 + 1)cos*p + Asin*p
(7 + Dsin*p+ Aicos*p
(5)
xY¥+r
ZT T

-t
The state |n,) is the eigenstate of the operator Ry, and R,, + Ry, where R; = Q., Q
(f.j = 1, 2). The solution (5} allows one to calculate all the stationary expectation
values of the atomic observables. In particular, we find

(R = Z UNX¥ I —(N+ DX+ X)X 1Y, (6)

(RL) = Z N XN —QN 2N+ DXV 2+ (N+ 1P XY — X7 - XX~ 1):7,)

where ( B) is the mean value of an operator B over steady-state (5). _
With the use of the canonical transformation (3), the atomic collective operator
J3, can be written

J,, = sinpcosg (Ry — R} + cos’ @Ry, —sin’pR,;. (8)

- 2 .
The operators —sin’gR,,, sinpcosp (R, — Ry;) and cos’¢ R,; can be conslderAed
as operators-sources of the spectrum components centered at frequencies
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W, —2Q, ey, ay + 2Q, and for simplicity, we denote these operators by 8T, 81
and ST, respectively.'®

_ Its ::basy to show. that analogously to the case when the thermal field intensity
fi = 0,' the squeezing is absent for any spectrum component of Mollow’s triplet
taken separately. Further, we investigate the squeezing in the operator

R 1
EM = —ﬁ(s'_. +59, (9)

which is connected with the squeezing of two sidebands of Moliow's triplet. The
quadrature phase components of the operators E'*' are defined as

I
Eg= S (EMe’+ETle™), (10)

which coincide with the in-phase (£,) and out-phase (£,) components when ¢ = 0
and n/2, respectively., )

The normally-ordered variance of the quadrature phase component £, can be
found using the relations (9)-(10), and takes the form:

. 1 .
(HAE):) = 3 (cos’p — sin*pcos26)cos’@( Ry, R ;)

+ %(sinzw—-cos’wcos 20)sin’¢ (R, Ry}, {11

where
(Riz Ry} = — (R} +H(N+ 1) (R, (12)
(R Rip) = — (RI)T(N—1){R,} + N, (13)

with (R,,) and (R},) being found according to Eqs. (6}, (7), respectively.
The squeezing is present in the quadrature phase component Eyif

(:(AE,):) < 0. (14)

For the case of cxacl resonance cos’¢ =sin’p = 1/2 we have (Ri:Ry,)
= (Ry R2) = 1/6 (N*+ 2N) and the variance (: (AE,)*:} takes the form
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1
(A E,):) ﬂﬁ(N2+2N)(I -~ cos20) = 0, (15)

thus the squeezing is absent in the exacl resonpance case.
For the case of a large number of atoms N >> | and cos’g # 1/2 the variance
(:(AE)':) rakes the form

N o . .
({AE):) = 5 |cos’p — sin’ | (7 (cos*p + sin'yp) — sin’ pcos’ ). (16}

It is casy to see from the relation (16) that the squeezing is present if

il 2
sin” ¢ cos 1
. 4 . @ <. (17)
cos*g+sinfp 2

We note that for the case N >> 7 the variance (:(AE,)*:) is a large value (pro-
portional to N') and dominates over the thermal field intensity. In this case the
normal-ordered variance (:(AE,):} coincides with the normal-ordered variance
of the two sidebands of the fluorescence field.

The detailed behavior of the normal-ordered variance (:(AE,)*:} as a function
of the parameter cos®g for N = 50 and for various values of the thermal field in-
tensity is plotted in Fig. 1. As shown in Fig. |, the thermal field strongly affects
the squeezing on two sidebands of Mollow's triplet. For the case of w,, /27 =~ 100
GHz, T = 2 K we have # = 0.1 and the large squeezing is possible.
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Fig. t. The normal-ordered variance {: (A E.)’:)/N as a function of cos® ¢ for the case of N = 50. The
curves |-4 correspond to 7 = 0, A = 0.1, A = 0.2, and # = (.5 respectively.
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