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Information swapping scheme in cavity QED
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We present a method to swap information between atomic states by manipulating the interaction time between a quantum cavity field and
two two-level atoms. We show that quantum information carried by one atom can be written onto a 'blank’ state of the second atom, and the
information contained in atom one is completely erased.

Keywords: Quantum information swapping; teleportation; 2-level atoms interacting with light.

Presentamos un&@odo para intercambiar informaci entre estados@nicos mediante la manipulaci del tiempo de interadmn entre dos
atomos de dos niveles y un campo electronéigo cliantizado. Mostramos que la informénicontenida en uatomo puede ser escrita en
un estado “en blanco de un segurddomo, borrando por completo la informawidel primero.

Descriptores: Intercambio de informabin clantica; teleportaéin; interacobn de 2atomos con campos cuantizados.

PACS: 03.65.Bz; 42.50.Dv; 03.67.Lx

1. Introduction control the collision of two Rydbeg atoms in a process as-
sisted by a non-resonant cavity and have demonstrated that

The main idea in quantum information swapping is to passhe atoms get entangled while they cross the cavity. They

the information from an individually addressable system to515o show that the cavity makes the entanglement prd¢éss

a similar system [1], it can be carried out by cascading thregmes more efficient than the one of free space atomic colli-

quantum controlled-NOT gates [2] and could serve as an auxions with the same impact parameter (as both process are
iliary tool in the quantum measurement problem [3]. Also, quite similar) [14].

swapping is useful to implement a universal quantum logic
gates [4-6]. There have been proposals to implement it in i ) ) )
atoms [7], nuclear spins [8] and there are studies on how in2- A field interacting with two atoms

trinsic decoherence may degrade the purity and fidelity of theI'he interaction Hamiltonian between two identical two-level

quantum swap gate in quantum-dot systems [.9]' : atoms and a single-mode cavity field in the interaction picture
Here we will show how to swap (or to write the infor- .

mation an atom carries to a blank state of another atom) in-
f_ormation bet\_/vee.n two atoms interac_ting with a quantiz_ed H =g Z (efiét&T&j— + eiétda_;-)7 1)
field. The main difference between this process (swapping) =12
and teleportation, where the purpose is also to pass (teleport)
information from a system in a given (unknown) state to an-Whereg is the atom-cavity interaction strengthjs the de-
other system, is that in the swapping mechanism both systenigning between the atomic transition frequency and the cavity
interact during the process, while in teleportation the systemfeauencys; = le; >< g;| (65 = |g; >< e;) is the rais-
are never in contact (there is no direct interaction betweeind (lowering) atomic operator for atogn(j = 1,2) anda'
them ), so that it is needed a third system to carry the infor{a) is the creation (annihilation) operator of the cavity field
mation from the system to be teleported to the receiver angnode. In the dispersive regime, > g, one can write an
a classical channel in order to know how to manipulate theeffective Hamiltonian [13]
system that receives the information (that is, how to make the
Bell state measurement [10-12]) to finally produce the tele-
portation.

Recently there was a proposal for entanglement and quan-
tum information processing for two-atoms passing an emptyvhere) is the effective interaction constant [13].
cavity [13], that makes the entanglement an efficient pro- The solution to the Sclhidinger equation (we have set
cess because of the fact that cavity losses are of no impof; = 1)
tance in this case (the cavity is in a vacuum state). Fol-
lowing Zhenget al's proposal [13] for an empty cavity, Z% — mw (3)
Osnaghiet al.[14] have realized an experiment where they ot

H=A (lej)(ejlaa’~|g;) (g;laTa)+61 65 +67 63, (2)
i—1,2
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for the Hamiltonian (2) subject to the initial condition

[(0)) = (1

(0)lex)le2) + ¥2(0)[g1)g2) + 3(0
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where|yr(0)) is the initial state of the field, may be written as

(O)e—QiAt(n—Q—l) |€1> ‘€2> + w2 (0)€2Mtn

) =3 Culn) x
n=0

with
Cp = <n|wF(0)>

and|n) a number state.

(6)

3. Information swapping
3.1. Coherent state

Let us consider the initial field to be a coherent state and
the atoms to be in the state

[Wa) = (Biler) + B2lg1))lez2), (M

i.e, atom2 in its excited state and atomnin a superposition
of its excited and ground levels with unknown coefficiefits
andgs. Then the evolved wave function is

() =

672i}\t,81|0z672i)\t> ‘61>|62>

—21)\1‘ 1_|_e—2i)\t

5 ®)

T PR Y PR lg1)le2) | [,

that in general may be disentangled only to give back the ini-

tial state (with an interaction timgt = jn, j=1,2,...).

)e1)lgz) + ¥4(0)]g1)e2)) x [¢¥r(0)), 4)
—2it —2iNt
|gl>|92>+¢3(0)[1+6 };‘W(O)[e 1]|€1>\gz>
b o~ 2Nt _ L (0)[e—2iM
+7/3(0)[ 1]+w (0)[ +1]|g1>|62>), (5)

2

I
i.e. the information has been passed from atiotm atom2 or

in other words, information swapping has been carried out.
Furthermore, if the atoms are initially in the entangled
state

(W (0)) = Filer)lga) + Balgr)lez),

after a timet yields a wave function

(12)

— 23\t —2i\t
o) = (35 + ) fenlan
—2iXt —2iAt
+ (ﬂze 5 a + 617 5 1) lg1)le2), (13)

and for the same interaction time as befarethe state

(W((2) + 1)7/2X)) = — (Balex)lg2) + Bilgr)lez))

is obtained. Therefore the coefficients containing the quan-
tum information are swapped.

(14)

4. Schrodinger cats to realize swapping of in-
formation

Therefore information swapping can not be realized with co-Schibdinger cat states or superposition of coherent states may

herent states of arbitrary amplitude.

3.2. Field in a vacuum state

If the amplitude of the coherent field is set to zer®,
Zhenget al.case [13]:

(1) = [N rler)fen) + 2 (e 1)fer)lgn)
F2 e 4 Dlg)len)| 10)- @)

If we choose the interaction time to be

=27+ )nm/2\, 7=0,1,2,---, (20)

we obtain, after the passage by the cavity, the atomic state

[W(t;)) = —ler)(Brle2) + B2lg2)), (11)
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be used to do the swapping of information. The states may
be written as

Yo = 3 (1) +] = ), (15

«
whereN,, is the normalization constant. The coefficieals
may be obtained from (6) as

_le
N ﬁ[l +(=D)"].

By using (7) as initial atomic states and (15) as initial field,
one finds as the evolved wave function

(1) = N.C

Cp = (n) = (16)

_Qi/\tﬂl(|a€_2i)\t> + | o ae—?i/\t>)

le1)]e2)
—2t )\t

721)\1&
Na Hﬁl 1|61>\92>+ﬁzl+67

T lonles)]

(lo)+—a))| @7)
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Again, by using the same interaction tiig the state given to have information processing at finite temperature [15, 16]

above may be disentangled to give making it possible to swap information in "hot” cavities. This

becomes important because of the fact that it is experimen-

tally difficult to reach close-to zero temperatures and that the
V(1)) = —lex)(Bale2) + Balg2)) o). (18) presence of thermal noise produces errors in the experimental

In conclusion, it has been shown a method of quantuntlata [17].

information swapping that works in an empty cavity (making

it efficient in this case) and when the field is in a photon dis-

tribution containing only even number states given by a caAcknowledgments

state. Although this seems to complicate the problem due to

how sensitive cat states are to decoherence effects due to thé&inis work was supported by Consejo Nacional de Ciencia y

interaction with an environment, we believe it will be a clue Tecnologa.
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