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The Jaynes-Cummings model of a two-level atom interacting

with a single mode of the electromagnetic field in a cavity
has been in recent years the object of intensive investigations.
Stimulus for this conrsiderable interest was provided by the
developnent of the experimental techniques concerning
Rydberg transitions[1-3] which have allowed one to test theore~
tical predictions on the features of the atou-field interaction
depending explicitly on the quantum nature of the electromag-
netic field. Among various possible nonclassical effects produ-
ced by atoms in cavities one finds the so-called collapses and
revivals in the developmente of the populations of the atomic
levels|4) . Meystre and Zubairy [5|heve demonstrated a coherent
field interacting with en initially excited atom to bring cut a
squeezed state [&|. A large degree of squeezing (nearly perfect)
has been obtained in sucb an exact system after certain tixs
interval with increasing field intensity (7} Since to produce
squeezed electromagnetic fields in the laboratory[&—tolia now
possible, it is imstructive to arslyze how the degree of squeeziny
of the field interacting with a single two-level atom will be
altered. The Interaction of squeezed vacuum with & two-photon
generalized Juynes-Cuuings model [11] has been studied. It was
shown that squeeziing 15 initially revoked and recurs at later
time. The higher the initial squeezing is the more regular the
oacilations becous.

In this paper we oxunine the fileld initially In a rather

gereral Bqueczed state [ﬁ,z) that may be generated by first

acting with the squecszed operator S(:) on the vacuum follo-
wed by the displacewent operator IXF; [12]
2

Ip,2? = D(‘s) Sz) 102 1
Dip) = exp(po’ -p'e)
and S@ '

2 + 2‘ 2
=a - ——a)-
(The squeezed vacuum considered by [11]corresponds to

where

il

11

ﬁ =0). We will show that no enhancement of squeezing at once

after the onset of the interaction occurs if the atom is ini-

tially purely excited or de-excited as no initial phase exists.
The system Hamiltonian in the rotating wave approximation

has the form

z =

H = hwda +'h(,doR + ?%(RTQ + R CJ)- o)
where Of and O. are the Bose creation and annihilation opera-
tors for the photons at frequency (J . The iwo-level atom is B
described by the Pauli raising and lowering operators Fi*, FK
and the inversion operator le, %, is the coupling constant.
We take for simplicity the resonant case W= We -«

Let us consider the atom prior to the interaction is
prepared in a coherent superpositions of excited and ground

states [13]

om0 = cos@)ley + € sm (319>,

Here q) is the relative phase between cos( 9/2_) and sin(e/ﬁ).

We denote by ln) the Pock states of the electromagnetic field.
2 2

Pa = 19.]" = I<nlp, 27|

bas been calculated by many suthors (see for axample[}4,15]) and

The distribution

can be given as

ST =



- "/
Gy = (nlcosh|zl) (Z-J——Itamfll z|)

5
. exp( Ly 5 |—2~ tamh Iz| [3) (mmmhlz])&\

(5)
where Hn(x) is the Y)tg‘ hermite polynomial with complex

arguments which is defined as
n -x?
roxd e
Ho) = (1) 2 ., n=0,4,2,..
dx
The average photon number Y1 is related to the parame-

= 3 ' hllzl
ters 13 and Z according to n = ”3[ “+ Am .

The imaginary values of P and 2 create numerical prob-
lems, therefore, we consider further only the case in which

l3 and 2 are real and positive. The initial atom-field
state is then a product of the atomic superposition state and

the squeezed field

ly(t=0)> = ?;O Qo In> 1 Yoty E=0)> -

(1)
The wave function of the total system in the interaction pic-

ture is found from Hamiltonian (3) to be

() = Z Gn [ c05(2) (F\Mlt le;ny + B,,Wlg; n+1))

+e¢5m (A, 1) Iginy B, |€} "'D)]’

(8)
where the coefficients Aw(t) and B”(i‘) are

A,,(t) — COS(%t\Fl) 3
B, = -lsin ((}‘NTL) : 9

4

The observables of interest are the variances of the field
quadratures which give information on squeezing. The quadra-

tures and field operators are defined by

4 + A +
a4, = -—(a+a) § A, = — ([QA-Q
1 2 ( ) ) 2 90 ( ) (a6}
a =a,+ta, 5 a = a,-lLa,.

For convenience we introduce the relative variances

(8a) ~ (B q-()zCoft, vac
(A a--( )zwﬁ) vac

0= =k (ha)-1

(11)

since, as is well known, for the vecuum end coherent states
of the field one has (Na,), o, vac = = (ba,)’

The condition for squeezing is

2 < 0. (12)

We note that 50( »>=-141 for en erbitrary field state and
then the degree of squeezing is determined by — 5.( = —4005« o/(') .

= A .
coh, vac )

In terms of the photon operators we get for the squeezing fac-

tors 5.,( the expressions
S = 2¢{ata) + 2Re ) — & (Relad),
5, = 2{afa) — 2 Re<a®) — & (Imcad)

I

(13)

We now proceed to calculate the short-time approximation
when ?t &1 for the factors S, . Using formulase (13)

and (8) we obtain the expansions to order tz as follows;

S= (€% 1) + v (e %0s 6 « 4 - sin*f s, (14a)
2 - T

5, = (e™-1) + T (e cos® +4 —Sm D ws'P). (14b)

5



With 7 defined ms the dimensionless time T = %1? . For
inoreasing squeezing initially presented in the first quadrature

A, , it is necessary that the coefficient of T2 (see (142))
be less than zerc. One can check this coefficient to achieve

-2z
minimum at ¢ «90° and cos® = - ¢ 2‘/2 ; then we have

5, = (¢21) - (&),

Iy
(15)

The degree of squeezing increases quadratically from the onset
of the interaction and the greater is initial squeezing the
smaller is its relative enbancement. This feature holds true
in the sBqueezed vacuum case too because egs. (14), (15) show no
dependence on the parameter P . As we shall see from the nu-
merical results presented belcw, the most squeezing enhanceuwent
after the beginning of an atom-field interaction occurs Just in
the squeezed vacuum case. Let us consider two limiting situa~
tions when the atom is initially purely excited or de-excited.

For the first situation we have ©U/2 =0 and
-22 L -22
5 = (e -1) + T (= +/l>, (16a)

- 22 2 2z
5, = (ea) + T (e +4). 1én3
For the second one 8/2 = 9(Y , formulae (14a,b) are trans-
formed into

=32 -2z
51: (Q —4)+C1(4‘€ )) (178)

5, = (e4) + T (1-€7)

%
(17b)

We see from Eqs. (15a) and (16a) that there is no initial phase

present in both the situations and no enhancement of the degree
of squeezing at once after the onset of interaction is possible.
The time~dependence of squeezing factors SL to the fourth
order is complicated. In fact, in a particular purely de-excited
atom case 0/ = 9qu° , choosing phase angle & = 9"  as

before we have

5, = (€na)a-w) + 5 [P veT)
_&,(3@‘“’_ pelt ¢ 4.)] 5 (18)

5,= (¢7-1)(1-7*) + ?; [p'+ & (3e* he™s 4)] :

The ﬁ -dependence of factors SL appears. For a field initi-
ally in a coherent state =z =0 4 Egs. (18) are considerably
simplified

b/

t‘*E
%l
Th L
3 )

(19)

and our result is in agreement with the result of [lﬁ} for one
atom in the cavity and [17] for one-photon transitions which
show the occurence of squeezing in the development of the a4,
quadrature.

In Fig. 1 we present the time evolution of 51_ computed
numerically with the aid of Egs. (5), (8) and (13) for various
cos O equal to - 41 , - 8_22/2 (>~ - 0.45 for z =0.05)
-0.2, -0.1 and O., 6 taken = 90° anywhere below. It is
evident that for (058 satisfying the condition - e'zz(cos 9(0)'
8o the coefficient of T* in formula (14a) is negative
the degree of Bsqueezing begins to increase to its maximum

values. The optimum squeezing occurs at CO0S 6 =- e—zé(z o




7 =005 ' ! Fig. 1. Time behaviour
2 '[3=0 of Oy with the choice
of cos & (1) cosb =
0 -1,(2)cos B = -e™Y, ,
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In Fig.2 we plot the factor 51_ versus time for various
values of the field amplitude (_‘,. As has been mentioned above,
the first minimum of the field uncertainty in the Mﬁ quadra-
ture reaches its smallest value at ]3‘: 0 . The larger the
initial squeezing is, the more difficult its enhancement in the
early period of the interaction. As the time goes on, the
characteristic behaviour of 51 exhibits 8till more dependence
on ﬁ . Pig. 3a ( p= O ) shows an apparently random time
development of 51 that is due to the thermal light-like
statistical properties of squeezed vacuum. When [3 increa-
8es, the time behaviour of 51 becomes similar to that obtai-
ned in [5,7] for the field initially in a coherent state (Pig.
3b). The larger (3 gives rise to stronger squeezing (up to 100%)

in a longer duration.
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Pig. 2. Time behaviour of 51 for different initial [3 « The

initial squeezing and maximum value achieved at the
first time after the onset of interaction approximately
equal to (a) 9,5% and 27% with 2Z =0.05, (b) 33% and
40% with 2 =0.2, respectively.

Fig. 3. Long time
behaviour of S5,
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JBOIWIHA CKATOI'O CBeTa
B Mopelid [xeitHca - KamMuHrca

Hayuena spomwonms dUiyKTyauuii 6 OMHOMOMOBOM CXaTOM

cBeTe, B3dHMOHNEHCTBYWUHM C [ABYXYpPOBHEBbM aTOMOM, Haxo-—
OAIHMCS B COCTOSIHHM KOorepeTrioi

BO36yxaeHHOro ypoBHei. O06Cykjiciia
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