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A substantial interest has centered upon the recent experi-
mental observations/!=8/ of squeezed field states ’4/ which pre-
sent a new nonclassical effect in radiation theory and may ha-
ve potential application in optical communication and gravita-
tional wave detection. Several schemes for producing squeezed -
states have been analysed. Among them are parametric amplifi-
ers/53/ | four wave mixing /6:1.2/ | two-photon interaction
with an absorber 79/, two-photon lasers’/10-12/  resonance
fluorescence /13 14/ _ cooperative Dicke systems and others. On
the other hand, the progress in the realization of a single
Rydberg atom in a resomant cavity /157 and the first observa-
tion of quantum collapse and revival in a one—atom maser 716/
make now possible testing of the simplest quantum electrodyna-—
mic models of one-atom one-mode systems/17/. It has been shown
that light squeezing is possible in the Jaynes—Cummings model
with a coherent cavity field/®/ and in the Jaynes-Cummings-
type models with special bare—type initial states”9:21/, The
magnitudes of squeezing in these systems are however rather
small (< 207 in’/18/, < 257 in/21/ and < 42% in/197), Moreover,
the squeezing obtained numerically in/18/ appears not at once
for t > O but only after some finite interval of interaction
time, and the initial conditions for squeezing in”/1921/ are
too specific 4nd obviously only of academic interest. The aim
of the present paper is to report the results showing that sta-
tes containing a large amount of squeezing can be obtained
from the exactly soluble multiphoton Jaynes-Cummings model
with a coherent cavity field.

We consider a two-level atom interacting with a single-mode
radiation field in a lossless resonant cavity via the m—photon-
transition mechanism. The effective Hamiltonian for this sys-—
tem in the rotating wave approximation is

H = bwata + ﬁwoRz +ﬁg(R+am+ R™at™m), (1)

where @ and wo=mw are the frequencies of the field and the
atom, respectively, g is the multiphoton atom-radiation coup-
ling constant, m is the photon multiple, R?, R* and R™are the
atomic pseudospin operators, and a* and a are the creation and
annihilation operators of the field.
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We denote by [+>,]<> the excited and ground states of the
atom and by |r > the Fock states of the field. For the atom
initially in the ground state |-> and the field initially in
a coherent |z > ,
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the wave function of the total system in the interaction pic-
ture is found from the Hamiltonian (1) to be

ce

|lp(t)>‘=n 2 J=in> INKTD * 3 Jvin-m> A (1, (3)
where
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AP (t) = —isin(gty D). (4b)
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Here P, is the Poissonian distribution corresponding to the
coherent initial state (2) of the field

P, =.exp(-n)n"/n (6)
and n={z|% is the dimensionless intensity of the field.
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We introducé the two slowly varying Hermitian quadrature
comﬁonents a,,a, of the field, defined by

- —~i(wt—0 -
a, = %(aei(wz 6)+ a6 i(wt—0) ),
(7)
wt—6) + —i(wt~-0)
a, =-§T(ae - a e . ),

where 6 is a phase angle that may be chosen at will. Thebcon-
dition for squeezing in the quadrature component a, can be
written simply as

Sqg <0, ' ' . (8)
where , .

Sa _ (Aaa) - (A:a coh - 4<(aa_ <ay >)2> - 1. )

(Aaa )coh

In terms of the phéton operators, we find readily that

S =2<a+a>4-iRe<a2em@kﬂ) 5—4(Re<agwn_0)>)a

1 (10)
8,= 2<a*a > - 2Re<a2e® @™ L _4imcac' @9 )2,

i hat the quantities ¢, , o4
It is seen from Eqs.(5) and (10) t ' '
and oy are real numbers, and therefore, thg optimum ch01ce;of
6 for squeezing should be 6 = ¢ , where ¢ is the phase of 2z,
i.e. z =n"% exp(i¢). Then, Eqs. (10) become

n Bo lla
Sl = '200 + 2“02 - 4n01 y ( )

Sy = 20, - 2[_1-02. . ) (11b)

For very short times (gt <<1), we find from Egs, (1la), (5)
and (4) the asymptotic expressions

-Li3 4 in the case m = 1,
s, = 3nen ' (12)
1 -m(m - 1)n "1 (gt)? in the cases m 2 2,

These negative expressions indicate the immediate appearance

of squeezing in 2; for any photon multiple m and ‘arbitrary non-

zero intensity n after switching on the atom-field interaction.
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Such a behaviour is absent in the case when the atom is initi-
ally in the excited state 718/,

Analogously, the.asymptotic expressions of S at very short
times (gt << 1) are found from Egs.(11b), (5) and (4) to be

—é—ﬁ(gt)‘* in the case m = 1

Sp = (13)

m(m-1)a"" ! (gt)?

v

in the case m 2.

These positive expressions indicate the lack of squeezing
in a; at the beginning of interaction for any photon multiple
m and any initial field intensity = .

It should be noted that for the particular case m = | the
first equation in (13) and the fact thHat squeezing occurs in
a; at the onset of interaction, are in agreement with the re-
sults obtained recently by Butler and Drummond /2°/ for a coope-
rative Dicke system.

Figs. 1 present the time evolution of S; computed numerical-
1y from Egs.(11), (5) and (4) for various intensities n of the
coherent initial field and various photon multiplies m . As
soon as t > 0, we observe nonclassical negative values of §
For the cases (m =1, n =0,2), (m=2, n = 1.12) and (m = 3,
n = 3) the maximum magnitudes of squeezing in the region of
short times are S;=-0.28, -0.49 and -0.57 (i.e. 287, 497 and
57%), respectively. As time goes on, S, starts oscillating
and then reaches pesitive values. The long-time behaviour of
S, 1is characterized by recoveries of squeezing. The squeering
in a, appears, disappears, and later may appear again, see
Fig. 1(d). The maximum magnitude of squeezing recovered again
(e.g., = .52% for gt =17.28, 0 = 1.12, m = 2 see Fig. 1(d))
may be larger than the maximum magnitude of squeezing in the
short-time region (= 497 for gt= 0.92). It is seen from the .
figures that for the larger intensity n the duration of the
first squeezing is generally shorter (except for the cases
when overlapping of the first and second squeezing regions oc-
curs).

In Figs. 2(a) and 2(b), we plot S, versus time gt for
the cases (m = 1, n =0.2) and (m = 2, 1 = 5). It is clear
from the figures that squeezing may also occur in the field
component a, . The delay of squeezing in a, for the cases
examined here is seen.

To conclude briefly, we have obtained squeezing states in
the exactly soluble multiphoton Jaynes—-Cummings model, where
the atom is initially in the ground state and the fields are
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(a) m=-1, short times:

0.2 at gt =
gt < 2. The maximum magnitude
-0.49 of the first squeezing occurs for n
(e) m = 3, short times
-0.57 of the first squee-
(d) Long times:

gt < 20. The full line corresponds to the case

0.27.
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gt < 1.2.

-0.28 of the
2.76.
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m = 7,

n = 0.2. The dashed line corresponds to the case m =

~

1

= 2, N = 1.12. The large magnitudes of squeezing: 8
= - 0.31 for m=1, TU=0.2, 8 = 19.65 and S, =
= -0.52 for m=2, n=1.12, gt = 17,28 are ob-
tained.
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(@) in a coherent state. The im-
mediate appearance of squee-
zing in a; for short times
of interaction has been estab-
1ished. Due to the phoeton
multiplicity and the suitab-
le choice of the field inten-
sity, the large magnitudes

of squeezing have been obtai-
ned. A more detailed investi-
gation of the squeezing in
“the model will be a subject
of a subsequent paper.

Figs. 2. Time evolution of
Sy. (@) m=1, o =0.2,
long times: gt < 20. (b) m =
=2, n =5, the time inter-
val 2.9 < gt < 3.3 for the
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Cxkartue cBeTa B MHOrodboTOHHOH Monesu

Jdxetinca — KamMuHrca

HccnegoBaHO cxaTHe cBeTa B MHOTOOOTOHHOH MOZenH
Ixefinca — KaMMuHrca.

Pabora sBonojiHeHa B JlabopaTopHH TeopeTHUECKOH
dusuxku OUAU.
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