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Abstract Continuous variable remote state preparation is presented using a two-mode
squeezed vacuum state based on the Heisenberg representation. We show that it is possi-
ble to remotely prepare this state in principle. Our scheme’s main advantages are: (i) It is
practical, because a two-mode squeezed vacuum state is easy achieved in experiment, and
our scheme only requires a beam splitter and a feedforward; (ii) Using our scheme decoher-
ence and being cheating can be avoided.
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1 Introduction

Remote state preparation (RSP) is usually called teleporting a know state, it was firstly put
forward in paper [1], where Lo has studied the classical information cost about general
state preparation in RSP, using the concepts of entanglement dilution [2]. Though quantum
teleportation and RSP have a similar case, they are essentially different, the main difference
of them is: (1) In RSP we allow Alice to know exactly the state that she wants Bob to prepare.
Particularly, Alice need not know the state, but only know the information of the state, while
in teleportation the teleported state must be in Alice’s side, and she need not know the
target state; (2) In RSP protocol the required resource can be trade off between classical
communication cost and entanglement cost. However in teleportation entanglement for per
teleported qubit are not only necessary but also sufficient, and no resources can be trade off
against another. Pati [3] has shown a state of a qubit chosen through equatorial or polar great
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circles on the Block sphere can be remotely prepared by one bit from Alice to Bob when
they share one ebit of entanglement. Noted that in Pati’s scheme to remotely prepare a state
of one qubit, the entanglement cost is the same as that in quantum teleportation [4-8], but the
classical information cost is half of that in quantum teleportation, so RSP has attracted many
authors [9-19]. Zeng and Zhang [9] consider the exact and minimal resource consuming
RSP protocol is generalized to higher dimension, the faithful RSP using finite classical bits
and a non-maximally entanglement has been studied by Ye, Zhang and Guo [14]. Berry and
Sanders [20] have discussed remote preparation of ensemble of mixed states.

All above protocol mentioned so far deal with finite dimensional quantum systems. Nev-
ertheless, for quantum communication light pulses are essentially described by continuous
variables (CV) and CV quantum information provides an interesting alternative to the tra-
ditional qubit-based technique [21]. For CV teleportation [22, 23], the nonlocal resource
shared by Alice and Bob is the EPR state with preferable correlation in position and momen-
tum, In quantum optics, this correlation is approximate with a highly squeezed two-mode
state of Electromagnetic field with quadrature amplitudes of position and momentum. At Al-
ice’s site Bell measurement is changed to the measurement of the position X=X 1+ X in and
the momentum P = 131 — 131n of Alice’s half of the EPR pair and input particle. Then Bob im-
plements the unitary operations of the phase-space displacement ﬁ(a), where« = X +i P
are obtained by the measurement result. Though CV schemes play an important role in quan-
tum information [24], comprehensive studding continuous variable remote state preparation
is still few, Kurucz et al. [25] extend exact deterministic RSP with minimal classical commu-
nication to continuous variable quantum system. We will thoroughly discuss CVRSP using a
two-mode squeezed vacuum state from the point of decreasing classical resources and avoid-
ing decoherence. The paper organized as follows, in Sect. 2, we present our scheme about
continuous variable remote state preparation using a two-mode squeezed vacuum state; In
Sect. 3, we discuss to our scheme’s superiority. The conclusion is drawn in Sect. 4.

2 RSP Scheme with Continuous Variables

Firstly we describe this scheme based on the Heisenberg representation. Consider a two-
mode squeezed vacuum state which can be produced by the unitary two-mode squeezed
operator [24]

0,00 = 5(6) = exp(§*ady — £af a7, M
where d;,d; and &), a;) are the creation and annihilation operators respectively, & is
squeezed parameter, and corresponding to the non-degenerate optical parametric amplifier
interaction Hamiltonian H;, = i hk (4, a) e — a,da,e~"%) is equivalent to the two-mode state
emerging from a 50:50 beam splitter with two single-mode squeezed vacuum state at the
input. So the quadrature operators of the two-mode squeezed vacuum state can be written as

X1 =" X0 47Xy /V2, )
Py =P+t P) V2, 3)
X, = ("X — e X")/V2, @)
Py=(" P — et PV) /2, (5)
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Fig. 1 Teleportation of a single Classical
mode of the electromagnetic Communication \

field. Alice and Bob shared the
entanglement of mode 1 and
mode 2, and a classical D+
communication channel. Alice B(el)
know the state she wants Bob to Alice Bob
prepare accoiding to remote B(ez) D2

preparation Xoyt. Alice performs
a unitary operation é(@l) and

é(&z). then Alice can yield
classical results, Bob perform 1 P 2

displacement 51 and ﬁz that is
dependent of classical results

thus the relative position and the total momentum are

X — X, = V27 XY, (6)
P+ Py =+2e" PP, ©)

A superscript “(0)” denotes initial vacuum modes, and “r” is the squeezing parameters,
which is fixed in the protocol. In (6, 7) mode 1 and 2 are entangled to a finite degree,
corresponding to a non-maximally entangled state. Now mode 1 is sent to Alice called the
sender, mode 2 is sent to Bob called the receiver (Fig. 1), suppose Alice wants Bob to prepare
modes

Xow = V2e 7" X, ®)
Pow = V2e 7" B, )

This prepared modes are know to Alice, she perform a unitary operation 3’9 with a ideal
beam splitter according to remote preparation. We define the action of an ideal phase-free
beam splitter operation on a pair of modes [26], after operation of the ideal beam splitter
modes X I 131 become

X, = BonX)

A 1 A 1 5
— B(Gl)<ﬁe+rxg()) + ﬁefrxéo))

1. 1.
= ﬁeHX?) cosé + ﬁe*’)& sin, (10)

P, = B(6y)(P))

5 L 0, 1 wp0
:B(9)< e PO+ —et P
N2t Tae
1. 1, 4
= ﬁe*’me cosb; + —2e+’P2<°> sin6,. (11)
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We can regulate the angle 0 to 6, = % 6, =0, and derive

=—e XV, (12)
: «/E :
A~ 1 A
B = —ﬁe_' pY. (13)

é(@) is under Alice’s control but is unknown to Bob, so this transforms the entanglement
into

%e*’f(? — X, = V27" XY, (14)
% PO By = V2T PO, (15)
Rewrite the equation, we can get
FE e ) 16)
p= ?e*’ P, (17)

Now we define the displacement operator
DX X, =X, + Xo. (18)

After received Alice’s measurement result, Bob will perform the corresponding phase-
space displacement operation ﬁ(—Zf(o — )Aféo) ) and b(2130 — }31(0)) to }A(z, 132 respectively,
such phase-space displacements can be easy performed for the continuous quadrature am-
plitudes using feedforward techniques.

Y
D(=2Xo = X)(R) = —T-¢ 7 D(=2X0 — X)) (X})

V2 s a0, 2
=S¢ (2% - X+ X3

= «/Ee_r)}o, (19)

DQPy— PO)(Py) = ~-¢"beh - PP

V2 A .
= Tf?_r(—zpo _ PI(O) + PI(O))
=+2e"P,. (20)

Above results are just about the target state Alice wants Bob to prepare. In brief, in order
to gain target state the scheme consists of three steps: (i) Set up entanglement state between
Alice and Bob; (ii) Alice perform a unitary operation with a beam splitter on her half of the
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shared entanglement according to the state that she wants to prepare remotely at Bob’s site
and inform its result to Bob; (iii) Bob applies a displacement operation on his half according
to Alice’s information to restore the target state.

3 Discussion to the Result Contrast to Teleportation

1. Reduce Classical Resources in Contrast to Quantum Teleportation  For the sake of clar-
ity, we give the quantum teleportation scheme as follow, Alice and Bob shared the entangle-
ment (6) and (7). Now mode 1 is sent to Alice and mode 2 is sent to Bob, Alice’s mode is
then combined at a 50:50 beam splitter with the input mode “in”. The homodyne detectors
D* and D? yield classical photocurrents for the quadratures x, and p,

X, = \%o%m — X)), 1)
X, = %(fqn + X)), (22)
P, = %(ﬁi — Py, (23)
P, = %(ﬁin + P)). (24)

Using above equations and (6, 7), we may write Bob’s mode 2 as
Xo = Xin — (X, — X2) — V2X,
= Xin — V27X —V2X,, (25)

Py = Py + (P + P) — V2P,
= Po+2e7 P — V2B, (26)
Alice’s Bell detection yields certain classical values x,, and p, for X « and 131,. The quan-

tum variables X « and f’v become classically determined, random variables x, and p,. After
receiving Alice’s classical result x, and p,, Bob displaces his mode, thus we obtain

Xow = Xin = Xo + V27X +V2X,, (27)
Poi=Py=P,— V27" P + V2P, (28)

We can clearly see, in RSP protocol Alice only message Bob to perform the operation
D(—2Xy— X éo)) and DQ2Py — Pl(o) ), but in teleportation protocol Alice need notice Bob
X ;0), )A(u, }31(0)7 }A’U, evidently, teleportation needs more classical message than RSP.

2. Avoid Being Cheating and Decoherence The teleportation scheme with Alice and Bob
is completely without any further measurement, the teleportation state remains unknown
to both Alice and Bob, and need not be demolished in a detection by Bob as a final step.
However, maybe Alice and Bob are easy cheating. Suppose that instead of using an EPR
channel they try to get away without entanglement and use only a classical channel, for a

@ Springer



Int J Theor Phys (2008) 47: 1600-1605 1605

realistic experimental situation with finite squeezing and inefficient detectors where perfect
teleportation is unattainable. In contrast, in RSP Alice knows the mode that needs to be
transferred, other operation is completed by Bob, this can avoid being cheating.

In addition, in teleportation for EPR correlations between the two modes become ideal.
We must limit the squeezing parameter » — oco. But the individual modes become very
noisy, decoherence may rise, however, teleportation in RSP scheme squeezing parameter r
is arbitrary.

4 Summary

We have presented continuous variable remote state preparation protocol in Heisenberg rep-
resentation making use of a two-mode squeezed state. The possibility of our scheme is
demonstrated in principle, the main reason is in the continuous variable, not only the gener-
ation of continuous variable entanglement, but also its manipulation via measurements and
unitary operations, turn out to be very easy. Our scheme only requires a beam splitter and
a feedforward. We also show it has two advantages: (i) It is practical because a two-mode
squeezed vacuum state is easy achieved in experiment; (ii) Using our scheme decoherence
and being cheating can be avoided.
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