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EÆcient scheme for the preparation of arbitrary

anticorrelated states of a two-mode �eld*
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A scheme is presented for generating any anticorrelated state of a two-mode �eld. In the scheme a sequence

of suitably prepared three-level V-type atoms are sent across a two-mode cavity initially in the vacuum state. The

detection of all the atoms in the ground state collapses the two-mode �eld to the desired state.
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Over the past few years, there has been much

interest in the generation of nonclassical states of

light. In cavity QED, schemes have been proposed

for the generation of Schr�odinger cat states of a cav-

ity �eld.[1�3] On the other hand, Vogel et al [4] have

proposed a method for creating an arbitrary state of

a quantized single-mode electromagnetic �eld within

the framework of the Jaynes{Cummings model. They

have shown that any superposition of the �rst N+1

Fock states can be generated from the vacuum state

by injecting N appropriately prepared two-level atom

into a resonant single-mode cavity and detecting all of

them in the ground state.

More recently, Deb et al
[5] have generalized the

method of Ref.[4] for producing two-mode anticorre-

lated �eld states which have constant total photon

number in the two modes

j�di =
NX
n=0

dnjn;N � ni; (1)

where dn is the desired coeÆcient. The drawback

of this method is that it required that one of the

two modes is initially prepared in the Fock state jNi,
which is experimentally problematic since the prepara-

tion of the Fock state jNi is diÆcult. In this paper we

propose an alternative scheme for constructing such

anticorrelated two-mode �eld states by injecting a se-

quence of three-level V-type atoms into a two-mode

resonator and detecting them in the ground state. The

distinct advantage of our scheme is that it does not

require the cavity �eld be initially in the Fock state

jNi. Thus, it must be more experimentally feasible

than that of Ref.[5].

We �rst consider a three-level V-type atom inter-

acting with a two-mode cavity �eld. Let the two upper

levels be denoted by 1 and 2 and the lower by 3. The

transition between levels 1 and 2 is dipole forbidden.

The Hamiltonian for this system is (�h = 1)[6�8]

H =

2X
i=1


ia
+
i ai +

3X
j=1

!jA
+
j Aj

+ [(g1a1A
+
1 A3 + g2a2A

+
2 A3) + H:c:]; (2)

where a+i and ai are the creation and annihilation op-

erators for the cavity modes i=1, 2 with frequency


i, respectively, A
+
j and Aj are the creation and an-

nihilation operators of the atom in the level j with

frequency !j ; and g1 and g2 are the corresponding

atom-cavity-mode coupling constants, respectively.

In the spin-one operator representation the

Hamiltonian of Eq.(2) takes the form[6]

H =!2I +
1

2
(!1 � !3)Jz +

1

2
(!1 + !3 � 2!2)J

2
z

+ 
1a
+
1 a1 + 
2a

+
2 a2 +

1

2
g1(a1J

2
+ + a+1 J

2
�)

+
1

2
p
2
g2[a2(J+ �B+) + (J� �B�)a

+
2 ]; (3)
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where

J� = Jx � iJy; B� = J�Jz + JzJ�; (4)

with Jx; Jy; Jz being the spin-one operators. Under

the exact two-photon resonance condition

!1 � !3 � 
1 = !2 � !3 � 
2 = �; (5)

the Hamiltonian becomes

H = 
1N1 + 
2N2 + C; (6)

where the operators N1 and N2 are constants of mo-

tion

N1 = a+1 a1 +
1

2
(Jz + J2

z ); N2 = a+2 a2 � J2
z + I; (7)

C has the following matrix representation

C =

0
BB@

0 0 g1a1

0 0 g2a2

g1a
+
1 g2a

+
2 ��

1
CCA : (8)

The operators N1; N2; and C commute among them-

selves. For the sake of simplicity, we here consider

the resonance case, i.e. � = 0: The time evolution

operator for such a system is given by

U(t) = e�iHt = e�i
1N1te�i
2N2te�iCt: (9)

We consider N three-level V-type atoms prepared

in the superpositions of the two excited states j1i
and j2i crossing the two-mode resonator sequentially.

Each such prepared atom increases the total photon

number of the two modes by one if it is detected in

the ground state after its interaction with the two-

mode �eld. Therefore, after N such prepared atoms

cross the initially empty cavity and are detected in the

ground state j3i a two-mode �eld in the state of the

following form is built

���Nf � = NX
n=0

CN
n jn;N � ni : (10)

Assume the Nth atom is initially in the superpo-

sition state���Na � = 1q
1 + j"N j2

(j1iN + "N j2iN ); (11)

where "N is a complex parameter. In order to gener-

ate
���Na � from the ground state j3iN we �rst send the

Nth atom across a classical �eld tuned to the transi-

tion between the states j3iN and j1iN . This classical
�eld is far o�-resonant with the transition between the

states j3iN and j2iN and thus the state j2iN is not af-

fected during the interaction. Then, the Hamiltonian

in the interaction picture is given by[9]

H1 = j�1j (ei�1 j1iN h3j+ e�i�1 j3iN h1j); (12)

where j�1j and �1 are the coupling strength and phase

of the classical �eld, respectively. After an interaction

time t1 the atom evolves into

���Na;1� = cos(j�1j t1) j3iN � i sin(j�1j t1)ei�1 j1iN :

(13)

Choose the coupling strength j�1j (or interaction time

t1) and phase �1 appropriately so that �1 = �=2 and

sin(j�1j t1) = 1=

q
1 + j"N j2. Then we have

���Na;1� = 1q
1 + j"N j2

(j1iN + j"N j j3iN ): (14)

Now we let this atom cross another classical �eld

tuned to the transition between the states j3i and j2i.
In the interaction picture, the Hamiltonian is given by

H2 = j�2j (ei�2 j2iN h3j+ e�i�2 j3iN h2j); (15)

where j�2j and �2 are the coupling strength and phase

of the second classical �eld, respectively. After an in-

teraction time t2 the atom evolves into

���Na;2� = 1q
1 + j"N j2

fj1iN + j"N j [cos(j�2j t2) j3iN

� i sin(j�2j t2)ei�2 j2iN ]g: (16)

Choose the coupling strength j�2j (or interaction time

t2) and phase �2 appropriately so that �2 = �N + �=2

and sin(j�2j t1) = 1, with "N = j"N j ei�N . Then we

obtain the state of Eq.(11).

Before the Nth atom is injected into the cavity

the �eld state is assumed to be

����N�1
f

E
=

N�1X
n=0

CN�1
n jn;N � 1� ni : (17)

After the interaction of the Nth atom with the cavity

�eld the state of the whole system is given by
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j�N i = U(�N )
���Na � ����N�1

f

E
; (18)

where �N is the given interaction time. Substituting

Eqs.(9), (11), and (17) into Eq.(18) we have

j�N i = 1q
1 + j"N j2

�N�1X
n=0

(�i)CN�1
n

� [AN
n (�N ) jn+ 1; N � 1� ni

+BN
n (�N ) jn;N � ni] j3i

+ j'1i j1i+ j'2i j2i
�
; (19)

where

AN
n (�N ) = e�i[(n+1)
1+(N�1�n)
2]�N

sin(
p
Cn�N )p
Cn

;

(20)

BN
n (�N ) = "Ne

�i[n
1+(N�n)
2]�N
sin(

p
DN�N )p
DN

;

(21)

Cn = g21(n+ 1) + g22(N � 1� n); (22)

Dn = g21n+ g22(N � n); (23)

j'ii denote the �eld states when the atom is in the

excited state jii with i=1,2, respectively. If we now

�nd the atom in the ground state j3i the �eld collapses
to the pure state j�Nf i of Eq.(10) with the coeÆcients

CN
n which reads

CN
n = NN (A

N
n�1(�N )C

N�1
n�1 +"NB

N
n (�N )C

N�1
n ); (24)

where NN is a normalization factor.

In order to obtain the desired state j�di of Eq.(1)
we must ful�l CN

n = dn, i.e.

NN"NB
N
n (�N )C

N�1
0 = d0;

� � � � � �
NN [A

N
n�1(�N )C

N�1
n�1 + "NB

N
n (�N )C

N�1
n ] = dn; (25)

� � � � � �
NNA

N
N�1(�N )C

N�1
N�1 = dN :

We �rst express the unknown values of CN�1
n in terms

of dn,

CN�1
n =

1

NN

N�nX
i=1

"
n+l�2Y
m=n

BN
m+1

AN
m

#

� dn+l
An+l�1

(�"N )l�1: (26)

Substituting thus obtained value CN�1
0 into the �rst

set of Eq.(25) we obtain the characteristic equation

for "N

d0 +

NX
l=1

"
l�2Y
m=0

BN
m+1

AN
m

#
BN
0 dl

AN
l�1

(�"N )l = 0: (27)

We can solve this equation and choose one value "N

out of N roots. Substituting it into Eq.(26) we ob-

tain the coeÆcients CN�1
n of the state j�N�1

f i. Tak-

ing j�N�1
f i as a new desired state and doing the same

calculations we obtain the parameter "N�1 for the

(N�1)th atom and the coeÆcients CN�2
n for the state

j�N�2
f i. We repeat the procedure until we reach the

vacuum state for the two-mode �eld. Then we obtain

a string of parameters "1; "2; : : : ; "N which de�ne the

initial states of a sequence of atoms we have to inject

into the cavity in order to obtain the desired state

j�Nf i from the vacuum state.

The two-mode anticorrelated states are important

quantum states. A good example is the SU(2) coher-

ent state

j�;Ni = (1 + j�j2)�N=2
NX
n=0

�
N

n

�1=2

�njn;N � ni:

(28)

It has been shown that the SU(2) coherent state

may exhibit the nonclassical features such as sub-

Poissonian statistic and anticorrelations.[10;11] An-

other typical example is the Bell states[12]

1p
2
(j1; 0i � j0; 1i); (29)

the Bell states are useful in quantum information pro-

cessing.

In summary, we have presented a method for gen-

erating arbitrary anticorrelated states of a two-mode

cavity �eld. It is based on the injection of a sequence

of three-level V-type atoms into a two-mode resonator

one by one and the detection of them in the ground

state. Unlike the scheme of Ref.[5], our scheme does

not require one mode of the �eld be initially prepared

in the Fock state jNi, so it is much more experimen-

tally feasible than that of Ref.[5]. Our scheme may

be useful in studying nonclassical features of a cavity

�eld and quantum information.
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