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We point out that a conditional measurement performed on an ensemble of two
Jevel atoms can transform the field into a highly nonclassical state. In contrast
to the scheme employing a sequence of atoms the probability of such a process is
relatively high.

In recent years great attention was given to the possibility to manipulate a given
field mode state. There are several possibilities how to perform such a task. The
relatively most straightforward way is the unitary transformation. One has to find a
physical process that induces the proper transformation leading so to the desired state.
However, the number of ”available” processes is limited especially due to the fact, that
for more complicated states we need to rely on processes of higher order with very small
interaction constants or the needed process can be accompanied with equally probable
competing processes. The second quite often used method is the so called quantum
state engineering [1]. The desired target state is generated via the interaction of an
initial cavity field mode with a sequence of atoms prepared initially for instance in
their excited state. Each atom after the passage through the cavity is detected, i.e. its
state is determined. Moreover, the determination of the atomic state is accompanied
with a state reduction of the cavity mode. Using such a configuration we force the
cavity field into a pure state with certain properties depending on which measurement
outcomes we select for our purpose. On the other hand, a preparation of nonclassical
states utilizing the repeated conditional measurement procedure is accompanied by
decreasing probability of a favorable sequence.

Most of the field state engineering schemes have a basic characteristic in common.
A controllable system (in terms of preparation and measurement) is brought into in-
teraction with the field. The presented idea can have different realizations. Instead of
using a sequence of atoms (and selecting the favorable outcomes of measurements) we
fan use at one “shot” a cluster of atoms and after the interaction perform only one
Measurement. In the present paper we illustrate this type of realization of the quan-
tum state engineering idea. In particular we emphasize, that the use of an collection
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of atoms can lead to strongly nonclassical state,
method. In addition the performed conditional m
than the process with a sequence of atoms.

The interaction of an ensemble of two-level atom with one cavity mode is ammnmv&

within the Tavis-Cummings model [2]. The interaction Hamiltonian reads (
exact resonance between the atoms and the field)

what is one of the main goals

easurement has a greater Eovmv::«.
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where @, a' are the cavity mode annihilation and creation operators and md.._” are the spip-
flip operators of the atoms. We choose the initjal state of the system in the disentangled
form. The field will be considered in the coherent, state [a); while the atomic subsystem
in the state |[N), of all atoms excited, i.e.

[¥(t =0)) = la); @ V), B ,, (2)
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What can be expected from such an initia] configuration? Let us illustrate this fo
the choice of one excited atom, i.e. for the Jaynes-Cummings model [2]. To quantify the
nonclassical effects to be expected we calcul

ate squeezing and Mandel’s ¢ parameter to
characterize the sub-Poissonian character of the cavity mode. In the case of squeezing
we evaluate the maximum quadrature s

queezing to be seen, i.e. we always look for the
quadrature (depending on the phase #s ) giving the higher degree of squeezing .at the
Um_.animniﬁmgoams:
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Mandels ¢ parameter is defined as
{(ala)’) — (ata)?
(ata)

The solution for the initial state (2) is given as

qg =

-1

[9()) = [$1(0))s11)a + [0(2))10)a. ¥
(t))s and | (t)); can be each written in the form of a mvrv‘mmvoﬁmﬁu :
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Fig.1: Properties of the cavity field in the case when the performed Eme:qumsn at nrmTEMMM
_m~.=mun At finds the atomic subsystem in the deexcited mnw.no. - (a) nmSQ. m»—m Mzmmb pho o

Swsvmﬂ (b) Mandel’s ¢ parameter, (c) squeezing, (d) conditional m.vno_uwgrn% ol amom:MMMmMmmm

EMWmEm“EmBn Solid line corresponds to the case N = 5, the dashed line correspond to

m 3 : &

N = 1. The initial coherent state amplitude was set a = 3.

and

fo(t))s = 1%_&33 =l (=t))s), (8)

with 1 . )
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The field state after the interaction with the atom is m._<.m¢ mm:m_.m_; by a M:VQCMM
of the states (6) and (8). Each of these states is a m:vmncOm_So:mmME _Mwég s WMMo&
i iti ted for the nonc
i h superpositions are to be accoun . .
great detail that especially suc : by —
i lyse only the mixture the resulting
roperties found {3]. However, when we ana : :
MSM@ can have this nonclassical properties mcvﬁnmmmma. The me_mme. way out is to JMHWHMM
on the atom a measurement and so force the cavity field (depending on the result) i
the state !

() = —————————
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In our case we looked into the case when the atom is found in the _.oim.n mawnm. ,Mrm
time dependencies of squeezing and Mandels’s ¢ parameter are m%o%z in m,n_mn.w M st HM !
i iti ili find the atom in the lower state
line). In addition we plot the probability to th : n
gmwﬁoﬁm of the mean photon number. The surprising effect is, that the _vno.vm_ﬂu:_%% Mo
i is hi hen 50%. Even though nonclassical effects
find the atom in the lower state is higher t
for the Jaynes-Cummings model are seen, they are :oﬁ. extremely .Eo:o::noa. F was
pointed out, that one way how to improve the nonclassical effects in the superposition
of ooraam:a\“:wm components is to increase their number [3].
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It was shown for the present situation, that within the interaction (1) the initj w_
oor.mum:ﬂ Qg m.::nioz splits into N + 1 components [4], where N is the number of ato »
This would imply in our case the use of more then one atom. For the input stat o
the system can be written in the form putstae &)

N
W) = 3" %) ).

=0
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where each .mm_a component |1;(t)); is coupled to the fully symmetric atomic state (the
so called Dicke state) with J atoms excited. Each of the component out of the initial
coherent state C: the case j = N and relatively short times) or a state related to
the oo:mwmsﬁ state (for other j). Therefore it can be expected that each of the states
[ (t)), _.ﬂ_mm: can exhibit strong nonclassical properties due to quantum interference
between its coherent-like components. By projecting out (performing measurement
on the atoms) the field state [¥i(t)); we force the cavity field to exhibit fully the
:ozo_mm..m_nm_ properties of this superposition state. The improvement of the nonclassical
Uuovmz_m.m for N = 5 and J = 0 when in the measurement all the atoms are found:to
be Qmmxo;o.m is shown in Fig.1 (solid line). The squeezing properties and in particular
the sub-Poissonian character of the field is strongly improved. Mandel’s ¢ parameter
goes w:doﬁ to —0.9. In addition the probability to find the field in mcnr. a state after
measuring the atomic subsystem is about (4. So the process to generate a nonclassical
wmmnm in such a highly idealized way is fairly high, especially when we compare it with
?mmhﬂ““m mwm_%m.w MMM~.o:nm of atoms. To illustrate the field mode even in more detail
shape. To underline the strong sub-Poissonian character we plotted also the initial'and
www micm_ photon number distribution. From this is again nicely seen the strong sub-
Poissonian character of the cavity mode. Let us note, that m::m._mn strong nonclassical
effects after performing a conditional measurement can be found also for other initial

@ function of the cavity mode. The @ function has a crescent.
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gtates of the atomic system. For instance when we prepare the atomic subsystem in a
_coherent atomic [SU(2)] state we can find the field in similar nonclassical states.

We pointed out that our scheme offers the possibility to generate highly nonclassical
states with considerable probability on a time scale considerable shorter than the revival
time of the system. However, we have to keep in mind that it is not a trivial task to
prepare an ansemble of atoms in the needed state as well as to detect the atomic states
' ot the output of the cavity.
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