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SPONTANEOUS DECAY
AND SPONTANEOUS SQUEEZING

BUZEK V., BRATISLAVA

It is shown that a two-level atom initially prepared in a coherent state and coupled
to a near-continuum of cavity modes serves as a generator of squeezed light. The
criterion is found for the squeezing of a particular field mode.

1. INTRODUCTION

In recent years a good deal of interest has been devoted to the theoretical
description and the practical realization of the squeezed light [1—3] with less
uncertainty in one quadrature of the field than the uncertainty associated with
a coherent state. This reduction of fluctuation in one quadrature is accompanied
by increasing fluctuations in the canonically — conjugate quadrature in such
a way which preserves the restriction on the product of variances imposed by the
Couchy—Schwarz inequality.

Quite recently it has been shown by Knight [4, 5] that squeezed light
can be generated when a two-level atom is injected into a one mode vacuum
state. Here the atom should be prepared in a coherent superposition of excited
and ground states. In the original paper [4] the single field mode coupled to
atwo-level atom through the dipole and rotting wave approximations (so-called
Jaynes—Cummings model — JCM [6]) was studied and it was shown that the
variance in one quadrature is squeezed below the vacuum value periodically
— the period of the oscillations is just one haif of the Rabi frequency.

In present survey we discuss the generation of the squeezed light in the
process of a spontaneous decay of a two-level atom with atomic frequency w,
coupled to a near-continuum cavity modes of the frequency w,.

1. NEAR-CONTINUUM MODE JCM

We will consider the Hamiltonian in the electric-dipole and rotating-wave
approximations:
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ﬁ@ = I'(ey) = I" and A4(8) = A(w,). Further we shall absorb A
i:_n.: we redefine as the excitation frequency of the excited state [2>
Finally, for C?9(;) and C{M(0) we can write: .
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(2.13b)

HI. SPONTANEOUS SQUEEZING

Now we will show that the fluctuations in the fi
a two-level atom, are squeezed. To do that, we defi
operators 4’ and 42, defined by

eld, after the interaction with
ne'two hermitian quadrature
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The commutati i @6 [ah) sy 1

1on relation for & is [a, aJ =5 Ok ¢ and the variances

<A™ = ((apyy — capy?
satisfy the uncertainty relation (4a )y <(4dP)> > 1/16.
For the state vector [¥(1)> defined by (2.3) the variances are:
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We will write here the ex
when almost all ene
(lim |C29())2 = 0):

U.:.QHH expressions for the variances in the limits»> !
rgy 1s in the field and the atom is in its ground state
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(@) into g,

(2.13a)
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where &, = 0, — @,.

Due to the fact phase-sensitive detectors do not respond to the rapid oscillations
at the field mode frequencies w,, the phase @ + @ can be substituted just by
the phase @[5].

Thus for the measured variances {(4a{)?) of the particular field mode with the

frequency @, one can find the squeezing condition

(3 — I'Y) cos 2 — 2&,I sin 20
Ei41?

> cotg’ @)2. 3.9)

This means that if the atomat ¢ = 0 is prepared in that particular coherent state,
when phases @and @ do obey condition (3.4), then the variance in the measured
quadrature {(4a{")*>,,... with the frequency w, displays squeezing, which means
that

@) Dmeas < 1/4. (1.5)

Particularly, the resonant mode (&, = 0) displays squeezing for @ = 27/3; 4n/3
and @ = 7/2:

2
(Aaly?s = w . m_m »ﬁwe (3.6a)
and
112
@ayy=-+2 IM.L (3.6b)

In Fig. 1. the evolutions of the resonant mode variances {(4a%)*
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are plotted. The oscillating lines in Fig. 1. correspond to the variances of the
quadrature operators an_ in a single-resonant mode problem analysed by

Knight [4, 5].
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Iv. CONCLUSIONS

In the paper presented it
nhiear-continuum mode field coupled to 2 two-level atom, which is initially
prepared in a coherent Superposition of the ground and the excited States,
display Squeezing. The main difference compared to a single-mode problem
consists in the fact that the variances of the quadrature operators do not
oscillate with the Rabj frequency — they reach at r » -1 Some constant valuye,
is i i » which in 2 single-mode case
oscillates, but in the ear-continuum mode case tends to —| (atom in the
ground state).

So, when the atom is initially Prepared in a particular coherent state (with
defined phases @ and @), then at ¢ > 0 the atom vmmmomao:mmno::amﬁma mna
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