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There has been much recent interest in the generation of sque-
ezed or two-photon coherent states/1_3/. Such states have less ‘noise
than a coherent gtate in one of the field quadratures and have poten-

/4/

tial applications in optical communication systems and gravita-

tional radiation detectors/S/. ‘

A number of nonlinear optical systems susceptible to produce
squeezed states has been analyzed theoretically. These include dege-
nerate parametric oscillators/6/, resonance fluorescence/e/, degene-
rate four-wave mixingﬁ/ , optical bistability/9/, free-electron la-
gers /1 1/, the Jaynes-Cumming model 1 and the two-photon processes/12/

In this letter we present the generation of squeezed states of
light via four-photon processes in systems of three-level atoms(see the
figure). The collective effects and effects of an atomitc reservoir
are accounted for. The condition for receiving the optimum squeezing
is defined. The N three~level atoms, concentrated in a region small
compared to the wave length of El.l the relevant radiation modes inte-
ract with three driving modes Ei . E& and E5 with f_r_gquencigi
£, ,§2g and Llg respectively. The external fields E‘ and Ez
are agsumed jintense and can be treated classically. For simplicity
the field 4 is assumed to be in resonance with the level separa-
tion €Ig-Wy = Wy (system with h = 1) and the field Ep is
agssumed to be in resonance with wa « Gy = 0\)3&. The transition
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between the upper | 83> and lower levels } 1> is the two-photon
process and let & and a‘be annihilation and creation operators of
the mode 8

The coherence part of the Hamiltonian in the rotating-wave ap-
proximation and interaction picture is

r)
Heoh = Jda +7’1 (Jsa"af ’3)'#

ng‘_cJ-gffJ;z)"G"z(‘&z*‘Jia)' )

where S = ?‘: (2ag - wg + UJ’ )
N (k)
o= 6;; @
J‘J Ei ] (2)
®Y ~ b Jl (i j= 483)
Here 6‘« . -— >K S 1J - s, W,
G&l and Gsz arg the electric dipole interact_;on matrix elements,
- Jx‘ E and - clgg E‘, respectively. Here ol is the electric
R)

dipole operator for the system. The is the matrix element

for the two-photon transition -} 8> —» {4 >

. L. Lo -

Considering the operators €L and ¢4 1n Hamiitonlian (i) as . -
numbers and using the Markovian approximation one finds the master
equation for the atomic system as 13

af__,;[Hh ¢l + 25| = Le, 3)
2 coh » % =1,

where the dissipative term for the atoms is

‘-_)_5 = Yoy (T din £~ 252 9%y + £ a%2)
at A

- K”/(‘Taz‘j"5f - 2stf-rga, + .PJ:;;J&;)
- 7;51(3—51-]'15{- 2‘]’15 PIs4 + j’J'uJ;s).

The terms X,J are the transition rates caused by the atomic re-
servoirs from level JL> to (4 >.

Atomic coherence phenomena can perhaps be illustrated with gre-
ater lucidity by introducing the schwinger representation for angu-
lar momentum/”'/ J';j = CL CJ ’ where C,: obey boson commuta-
tion relations. The operators C‘; and Cb-' can be considered the
annihilation and creation operators of the atoms on the level |l >

2 L
In the case of sufficiently intense G = (Ggyg + G )
so that

—
G » N¥j ., g(;':l[:',) (4)

it is possible to develop an approximation scheme that enables us
to obtain analytic results.

After performing the canonicel transformation

Seno
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T %
where Zgol = _GL"

Ggyg

one can find that the Liouville operator L appearing in equation
(3) splits into two compoments Lo and L‘ . The component Lo
is slowly varying in time whereas Ll contains rapidly oscillating
terps at freguencies G ,2 & and 4 G . For intense fields
E, and —E'q,v , so that the condition (4) is fulfilled, it is rea-
sonable to make the secular approximation/15/, i.e., to retain only
the slowly varying part. Corrections to the results obtained in this
fashion will be of an order of

(e 16)° o (§PIE D"

Making the secular approximation, one can find a stationary so-
lution of the master equation

9 = an z [R,M><MR].

=-R -R+%,- (6)

where



127 cos®%t + ¥gqcosin
Ty sinu + By Sin'

. Ned
at= (x-t)'/[(uu)x""’.(ww)x trd].
?: U'?U* , where U is a unitary operator representing the

canonical transformation (5). A
{R,M> is an eigenstate of the operators R= Ry +Rss
A5 = R55 - Rdi and of the operator of the total number of

atoms

A

N =J11 +Jz& +J33 = R4’+ Rzﬁ"RSS’
Here Réj = QtQJ- Ci,i= 1,2.3).

Now we return to Hamiltonian (1) Retaining only the slowly varying
terms (secular approximation), one can find the equations for the

operators @ and <@
A(td)z -c dact) - ¢ B a’ce)

act)z ¢Sty + ¢ B AL D)
where Bct) = g;‘;’ sinot cosel (N - 3Rgg(2)).

Ignoring the slow time dependence of R‘z(t)(stationary stage), we
can write the solution of equations (7) in the form

act) = pcera + v al, ©
. d‘ B
where /th) = cosEgxX)- ¢ I sen(E L)

- L sin(e¥)
V() = ¢ g

g% = 8% o~

The Hermitian amplitude operators d:t and d&/ are defined
(in the interaction picture) as
a = d,i + La@.
~—pp
When the field E5 is initially in a coherent state Jol >, the va-
riances of the operators a.t(t) and a«“’ct) for large time have

the form.

2
%42 §<83 - < B % in¥l6% <% 1)] o)
=% ag, - <58¢>s
-5

‘ . 2 By < B 2 ... % [s% _p®
(Aaw(t)=f-[4-2-5§,)‘f <7%’ sin (Y6 <B® t)],uo)

where <A % indicates an expectation value of operator A in sta-
tionary state (6). In relation (9) the correlators of a higher than

gecond order are factorized.

From relation (6) one can fined

4
NX N+& e )X " (NeRIX - N
< R‘L% =(N.,4)x”*a+ (RN+3DX M5, (~+z)x“’*‘+ x-4

(1)

2
wx M2 e x e x Y (ven it 2 (NEaN-DXN
’ " =
<Rea B G OF[(N+DX e (w22 X ™72+ 4 ]

(12)

It is easy to shown for relations (9-12) that squeezing is

presented when

|§] > <83 /1< BX] (13)

In the case of 6 = 0 (no detuning ) the condition (13) is not sa-
‘ tisfied and squeezing is absent. One can find from relations (11-12)
} that <B% = 0if X = 1 and in this case the squeezing is ab-

sent too.
The optimum variances of operators d,i or a‘ are achievab-~

le when
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and ‘equal the value:

L @B 4+ N <BicaB¥+ @Bd*
oz s (aB)%N fcByFCoB P r (2B
when Sinz( 5"’-<B"}$ t)‘

(14)

2 2 4 R\%
Here (AB) = < B ,(8B)°=((4B)?)]
One can show from relation (14) that squeezing tends to the
limited value if '

¥ R
(4B) <L < BX%
(15)
It is easy to see from relations (11-12) that condition (15)
is satisfied when

X > 4 : , N>> 4 so that * X >> N or
x <1 s N i S0 tnat X- <<—;—
or in the case of X > N or X <« _I‘{’.. .

Three~level system of atoms
interacting with the three
monochromatic applied fields
via four-photon process.
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B 06bveAMHEHHOM MHCTHUTYTE AAEPHHX UCCNEAOBAHUA HauaA
Buxoanth cbopHuk "Hpamxue coobyenus OHAH", B Hem
6yAyT NOMEWATbCA CTaTbW, COAEPNKAUME OPUIrUHANLHLE HayuUHbe,
Hayu4HO=-TeXHUYECKUE, METOAMYEeCKME M NPUKNapHWe pesynbraT,
Tpebyouwmne cpouroli nybnuxaumn, Byayum uacteo ''Coobuenun
OMAU'"', cTaTbu, Boweguwne. 8 cBopHUK, UMENT, KaK U Apyrue
nananua OMAU, cTaTtyc oduumanbHuex nybnmkaumh,

C6opruk ''KpaTrue coobueHnn OUAW'' Eypet Buxoputs
perynapHo .,

The Joint Inst1tute for Nuc\ear Research begins pubii-
shing a collection of papers entitled JINR Rapid Communi-
cations which is a section:of the JINR Communications
and is intended for the accelerated publication of impor-
tant results on the following subjects:

Physics of elementary particles and atomic: nuc1e1.
Theoretical physics.
Experimental techniques. and methods.

Arﬁn] eratove
wovS.

Cryogenics.

Computing mathematics and methods .
Solid state physics. Liquids.
Theory of condensad matter.
Applied researches.

Being a part of the JINR Communications, the articles
of new collection like all other publications of
the Joint Institute for Nuclear Research have the status
of official pub11cat1ons.

JINR Rapid Commnications will be issued regularly.
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Boromo6oB H.H./mn./, DlymoBckuit A.C., Yan Kyaur E4-85-621
leHepallHA CXaTOr0 CCCTOAHHA CBeTa

yepes3 4veThpeXhpOTOHHBII mpouecc

B CHCTEeMe TpPeXYpOBHEBBIX ATOMOB

HcenmemoBaHa reHepanHs CXAaTOTO COCTOAHUA CBETA uepes
yeTHpeXhOTOHHHI NMpoUecc B CHCTEME TPEeXypOBHEBHIX aTOMOB.
ChopMyIIMPOBAHO YCIJIOBHE IONYyYeHHS ONTHMANILHOTO CKAaTHA CBeTa.

Pabora BhronHeHa B JlaGopaTopHd TeopeTHUeckoiH dusuxkn OUAU

fipenpuHT O6BLEeaMHEHHOrO HHCTHTYTAa AREPHHX HccnemosaHu#A. [y6ua 1985
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Generation of Squeezed States of Light

via Four-Photon Process

in System of Three—-Level Atoms

The generation of squeezed states of light via four-
photon processes in systems of three-level atoms is presen-

ted. The condition for receiving an optimum squeezing is
defined.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1985




