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1. Introduction As it is known light beams with non-classical states play an
important role in the quantum information schemes. This paper discusses the state
preparation scheme based on conditional measurement of the correlated subharmonic modes of the non-degenerate optical parametric oscillator (NOPO). The
NOPO pumped by a sequence of laser pulses with Gaussian time-dependent envelopes is considered. The intra-cavity non-linear type II parametric interaction
realizes the down conversion process which leads to generation of correlated pairs
of photons with polarizations orthogonal to each other. According to the method of
conditional measurement, since the two subharmonic modes of NOPO are strongly
correlated, measurement of the desired state on one of those modes projects the
other mode into a similar quantum state. This is performed without actual interaction with the second mode by the measurement. n photons counted in one of the
correlated modes projects the other mode in an n-photon Fock state, which can
then be analyzed using quantum homodyne tomography. These measurements
were recently demonstrated for one-photon Fock state (n = 1 ) [1,2] and for twophoton Fock state (n = 2 ) [3] by using pulsed non-degenerate amplifier producing
a pure two-mode squeezed state. The prepared states have been analyzed by the
homodyne detection, operating in a time-resolved regime. Here this problem is
considered for more general case that includes the full description of dissipative
and pump field effects in the framework of the theory of periodically pulsed NOPO
[4].
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Since the open quantum system is considered for the complete description of
the quantum state of the two subharmonic modes of the NOPO, the density matrix
½^ is used. In the Fock basis it has the following form
X
½^ =
½klij jk; 1 i jl; 2 i hi; 1 j hj; 2 j ;
(1 )
k;l;i;j

where jn; mi is the n-photon Fock state of the mode m and ½klij are the matrix
elements.
Separate subharmonic modes can be described by the reduced density matrix,
which can be calculated by averaging of the density matrix describing the complete
system ½^ over all states of the other mode
X
½^ (2) =
hn; 1 j ½^ jn; 1 i ;
(2 )
n

or in the matrix form

½(2)
nm =

X

½knkm :

(3 )

k

It is known that the state of a quantum system can be completely described by
the Wigner function. Different properties of quantum states can be easily identified
by visual characteristics of the Wigner function. E.g. having negative value range
is a convenient indicator of a non-classical state. It can also be measured directly
using the quantum homodyne tomography method [5].
The calculations are based on the standard form of the Wigner function in
the Fock space
X
Wi ( ½; µ) =
½(i)
(4 )
nm Wnm ( ½; µ) ; ( i = 1 ; 2 ) ;
where ½; µ are the polar coordinates in the complex phase-space plane and the
coefficients Wmn ( ½; µ) are the Fourier transformed functions of matrix elements of
the Wigner characteristic function.
P
2. State preparation schemes. Lets consider that j»; 1 i =
n »n jn; 1 i is the
measured state of the first subharmonic mode. The reduced conditional density
matrix describing the state of the second mode can be obtained from the density
matrix of the complete system in the following way:
(2)

½^ » =

h»; 1 j ½^ j»; 1 i
:
T r( h»; 1 j ½^ j»; 1 i)

Matrix elements will look like following:
P ¤
k;l »k »l ½knlm
(2)
:
½nm;» = P
¤
k;l;i »k »l ½kili

(5 )

(6 )

Preparation of two different types of states is considered further. First for the
n-photon Fock state (n = 1 ; 2 ) and next for the coherent states.
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2.1. Fock states. In case of Fock state j»; 1 i = jN; 1 i, where N is the number
of photons of the prepared state, the conditional density matrix will get following
matrix form:
½NnNm
½(2)
:
(7 )
nm ( N) = P
k ½NkNk

In Fig. 1 the Wigner functions corresponding to the conditional measurement
schemes with N = 1 and N = 2 photon Fock states are presented. These results are
numerically calculated on the base of quantum state diffusion (QSD) approach.

Fig u r e 1 : Wigner functions corresponding to the conditional measurement scheme for
one-photon (a) and two-photon (b) Fock states.

Both of the Wigner functions clearly display negative regions in the phasespace that reflect a highly non-classical character of quantum states. All Wigner
functions are rotationally symmetric and hence the conditional mixed states are
phase independent. In Fig. 2 the radial dependence of the Wigner functions is
shown. These results are in agreement with experimental and theoretical results of
conditional Wigner functions presented in [6].
For the comparison with target states the radial dependence of one-photon and
two-photon Fock states are plotted in Fig. 2 with dot lines. The corresponding conditional mixed states are close to Fock states, but demonstrate less non-classicality.
Since these non-classical states are a result of quantum interference effect, it is
natural that existence of dissipation decreases the level of non-classicality by disrupting the interference.
2.2. Coherent states. In case of coherent state measurement scheme
j»; 1 i = j®; 1 i ;

¡

»n = e
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j®j2
2

1
X
®n
p jni ;
n!
n=0

(8 )

Fig u r e 2 : Radial dependence of Wigner functions corresponding to the conditional measurement scheme for one-photon (a) and two-photon (b) Fock states. Wigner functions
corresponding to Fock states are plotted in dot lines for comparison.

where ® is complex number describing the coherent state, the conditional reduced
density matrix will have the following matrix from:
½(2)
nm (

®) =

P

®p ¤l ®k
½
l!k! lnkm
:
P
¤l
®p ®k
½
l;k;i
l!k! liki
l;k

(9 )

Resulting Wigner functions are plotted in Fig. 3. Due to above mentioned
reasons these states are close but do not exactly match coherent states. These
calculations also show that the center of the resulting states is equal to complex
conjugate values of the center points ® of the measured coherent state.

Fig u r e 3 : Contour plots of Wigner functions corresponding to the conditional measurement scheme with coherent states for intensity of pump field below (a) and above (b) of
the generation threshold.
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The calculations are done for both below threshold (Fig. 3a) and above threshold
(Fig. 3a) regimes. It should be noted that in the case of below threshold regime,
there is a region in the phase space where the Wigner function is negative, which
disappears when the intensity if the pump filed is increased.
In the case of below threshold regime, there is a region in the phase space
where the Wigner function is negative, which indicates the existence of quantum
interference. In the example Wigner function plotted in Fig. 3a this region is
located around ( ¡0 :5 ; ¡1 ) point. This effect disappears when the intensity (if the
pump filed) is increased, and the corresponding Wigner functions get form close
to Gaussian, which corresponds to coherent states.
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N. H. Adamyan
Non-Classical State Preparation by Conditional Measurement
The present paper is devoted to the investigation of quantum state preparation problem. This is a method of producing non-classical quantum states, which is based on down
conversion process in non-linear type II crystals. The non-degenerate optical parametric
oscillator (NOPO) pumped by a sequence of laser pulses with Gaussian envelopes is considered. The idea standing behind this scheme is that the subharmonic modes of NOPO
are strongly correlated and the measurement of the desired state on one of those modes
projects the other mode into a similar state, meantime without actually interacting with it
by measurement. Two different target state types are considered: Fock states (exact photon number states) and coherent states. The analysis is done in the framework of Wigner
quasi-probability distributions in the phase space.

Í.Î. Àäàìÿí
Ïðèãîòîâëåíèå íåêëàññè÷åñêèõ ñîñòîÿíèé ìåòîäîì óñëîâíûõ èçìåðåíèé
Èññëåäîâàíà ïðîáëåìà ïðèãîòîâëåíèÿ êâàíòîâûõ ñîñòîÿíèé íà ïðèìåðå ïðîöåññà âíèç êîíâåðñèè, êîòîðûé îñóùåñòâëÿåòñÿ îáû÷íî â íåëèíåéíûõ êðèñòàëëàõ II
òèïà. Ðàññìîòðåí íåâûðîæäåííûé îïòè÷åñêèé ïàðàìåòðè÷åñêèé ãåíåðàòîð (ÍÎÏÃ)
ïîä äåéñòâèåì ïîñëåäîâàòåëüíîñòè ëàçåðíûõ èìïóëüñîâ ñ ãàóññîâñêîé âðåìåííîé
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îãèáàþùåé. Èäåÿ ýòîé ñõåìû ñîñòîèò â òîì, ÷òî ñóáãàðìîíè÷åñêèå ìîäû ÍÎÏÃ
ñèëüíî êîððåëèðîâàíû è èçìåðåíèå öåëåâîãî ñîñòîÿíèÿ íà îäíîé èç ìîä ïðîåêòèðóåò
äðóãóþ ìîäó â ïîõîæåå ñîñòîÿíèå.

Â ðàáîòå ðàññìîòðåíû äâà ðàçíûõ âèäà

öåëåâûõ ñîñòîÿíèé - ôîêîâñêèå ñîñòîÿíèÿ (ñîñòîÿíèÿ ñ êîíêðåòíûì ÷èñëîì ôîòîíîâ)
è êîãåðåíòíûå ñîñòîÿíèÿ.

Àíàëèç ïðîèçâåäåí â ðàìêàõ êâàçè-âåðîÿòíîñòíûõ

ðàñïðåäåëåíèé Âèãíåðà â ôàçîâîì ïðîñòðàíñòâå.

Ü.Ð. ²¹³ÙÛ³Ý
àã ¹³ë³Ï³Ý íÇ×³ÏÝ»ñÇ å³ïñ³ëïáõÙÁ å³ÛÙ³Ý³Ï³Ý ã³÷áõÙÝ»ñÇ ÙÇçáóáí
²ßË³ï³ÝùÁ ÝíÇñí³Í ¿ ùí³Ýï³ÛÇÝ íÇ×³ÏÝ»ñÇ å³ïñ³ëïÙ³Ý ËÝ¹ÇñÝ»ñÇ áõëáõÙÝ³ëÇñáõÃÛ³ÝÁ: ê³ áã ¹³ë³Ï³Ý ùí³Ýï³ÛÇÝ íÇ×³ÏÝ»ñÇ ëï»ÕÍÙ³Ý Ù»Ãá¹ ¿‘ ÑÇÙÝí³Í II-ñ¹ ë»éÇ
áã ·Í³ÛÇÝ µÛáõñ»ÕÝ»ñáõÙ ýáïáÝÝ»ñÇ ïñáÑÙ³Ý åñáó»ëÇ íñ³: ¸Çï³ñÏí³Í ¿ Å³Ù³Ý³Ï³ÛÇÝ
·³áõëÛ³Ý å³ñ÷³ÏáÕ Ïáñ³·Íáí ³Ù÷á÷í³Í É³½»ñ³ÛÇÝ ÇÙåáõÉëÝ»ñÇ Ñ³çáñ¹³Ï³ÝáõÃÛ³Ý
³½¹»óáõÃÛ³Ý ï³Ï ·ïÝíáÕ áã ³ÛÉ³ë»ñí³Í ûåïÇÏ³Ï³Ý å³ñ³Ù»ïñÇÏ ·»Ý»ñ³ïáñ (àúä¶):
²Ûë ëË»Ù³ÛÇ ÑÇÙùáõÙ ÁÝÏ³Í ¿ ³ÛÝ, áñ àúä¶-Ç ëáõµÑ³ñÙáÝÇÏ Ùá¹»ñÁ áõÅ»Õ Ïáé»ÉÛ³óí³Í »Ý,
áñÇ Ñ»ï¨³Ýùáí Ùá¹»ñÇó Ù»ÏÇ íñ³ Ï³ï³ñí³Í Ýå³ï³Ï³ÛÇÝ íÇ×³ÏÇ ã³÷áõÙÁ »ñÏñáñ¹ Ùá¹Á
³ñï³å³ïÏ»ñáõÙ ¿ Ñ³Ù³ÝÙ³Ý íÇ×³ÏÇª ³é³Ýó ã³÷Ù³Ý ÙÇçáóáí ÷áË³½¹Ù³Ý: ²ßË³ï³ÝùáõÙ
¹Çï³ñÏí³Í »Ý »ñÏáõ ïÇåÇ Ýå³ï³Ï³ÛÇÝ íÇ×³ÏÝ»ñª üáÏÇ (áñáß³ÏÇ ýáïáÝ³ÛÇÝ Ãíáí) ¨
ÏáÑ»ñ»Ýï: Ð»ï³½áïáõÃÛáõÝÁ Ï³ï³ñí³Í ¿ ÷áõÉ³ÛÇÝ ï³ñ³ÍáõÃÛáõÝáõÙ ìÇ·Ý»ñÇ ùí³½ÇÑ³í³Ý³Ï³Ý³ÛÇÝ µ³ßËáõÙÝ»ñÇ ßñç³Ý³ÏÝ»ñáõÙ:
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