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We report an experiment on entanglement manipulation for two polarization entangled photon
pairs using parametric down-conversion. Our experimental scheme, which has been proposed
in [ Phys. Rev. A64, 012304(2001) ], is a modification of the concentration scheme proposed
by Bennett, et al. [Phys. Rev. A53, 2046(1996) ]. To demonstrate this scheme experi-
mentally, we prepared entanglement controllable photon pair source, which uses parametric
down-conversion from two separated Type I phase matched BBO crystals, and we observed
four photon interference. In this poster session, we will report our latest experimental result.
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In many applications in quantum information pro-
cessing, it is essential that two separated parties, Alice
and Bob, share maximally entangled particles in ad-
vance. Practically, a quantum channel is usually noisy.
It is thus important that Alice and Bob share maxi-
mally entangled pairs even through such channels. For
that purpose, entanglement concentration [1] and pu-
rification (or distillation) [2] have been originally pro-
posed. Until today, many schemes to obtain max-
imally entangled particles by LOCC have been pro-
posed, however only one simplest method, which was
based on local filtering (Procrustean method[1]), was
demonstrated experimentally [3].

Recently, we proposed an experimentally feasible
concentration/purification scheme[4], in which a maxi-
mally entangled photon pair is obtained from two pho-
ton pairs in identically partially entangled states. The
basic idea of this scheme is based on the concentra-
tion scheme proposed by Bennett, et al. [1]. In our
scheme, Alice and Bob use only linear optical elements
and photon detectors, so that this scheme is feasible
today. Moreover, unlike the scheme used in [3], our
scheme is applicable to quantum channels with sev-
eral kinds of unknown fluctuations[4]. To demonstrate
our scheme experimentally, we prepared entanglement
controllable photon pair source [5, 6, 7], which uses
parametric down-conversion from two separated Type
I phase matched BBO crystals, and observed four pho-
ton interference. This kind of interference technique,
which had been already observed by parametric down-
conversion from Type II phase matched BBO crystals
in [8, 9, 10], is useful for other quantum information
processing by linear optical elements and photon de-
tectors [11, 12, 13, 14].

First, we show how the two separated parties, Al-
ice and Bob, can obtain a maximally entangled pho-
ton pair from two identically partially entangled pho-
ton pairs by LOCC. Let us assume that two pairs of
photons are given to Alice and Bob in the following
polarization entangled states

|α, β〉12|α, β〉34 ≡ (α|1〉1H|1〉2H + β|1〉1V|1〉2V)
⊗(α|1〉3H|1〉4H + β|1〉3V|1〉4V),

where α and β are complex numbers satisfying |α|2 +
|β|2 = 1 and |n〉 is the normalized n-photon number
state. The subscript numbers represent the spatial
modes, and H and V represent horizontal and verti-
cal polarization modes, respectively. As shown in Fig-
ure 1, Alice receives photons in modes 1 and 3, and
Bob receives photons in modes 2 and 4. Using the lin-
ear optical elements in Figure 1, Alice and Bob receive
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Figure 1: The schematic diagram of the proposed pu-
rification scheme. Polarization beam splitters (PBS)
transmit H photons and reflect V photons. λ/2 wave
plates R45 and R90 rotate the polarization by 45◦ and
90◦ respectively. Recently, this detection scheme in Al-
ice’s side is noticed as nondeterministic quantum parity
check [14, 16], the basic idea was described in [15], and
this kind of logic operation was used in [13, 11, 4].

photons in the state,
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α2

√
2
|0〉5′(|1〉4′H + |1〉4′V)|1〉6H|1〉6V|1〉2H
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(|2〉5′H|1〉4′H − |2〉5′H|1〉4′V

−|2〉5′V|1〉4′H + |2〉5′V|1〉4′V)|0〉6|1〉2V
+

αβ√
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(|1〉5′H|1〉4′H|Φ(+)〉62 − |1〉5′H|1〉4′V|Φ(−)〉62

+|1〉5′V|1〉4′H|Φ(−)〉62 − |1〉5′V|1〉4′V|Φ(+)〉62),
where |Φ(±)〉62 ≡ 1/

√
2( |1〉6H|1〉2H ± |1〉6V|1〉2V ) is

the state of the maximally entangled photon pair. If
Alice and Bob detect a single photon at D5′H and
D4′H (or D5′V and D4′V) and the state is projected
to |1〉5′H|1〉4′H|Φ(+)〉62 (or |1〉5′V|1〉4′V|Φ(+)〉62), they
can share a maximally entangled photon pair in the
state |Φ(+)〉62. (If Alice and Bob are allowed to per-
form the postselection in mode 6 and 2, they need not
distinguish a single photon from two or more photons,
because Alice obtains vacuum in mode 6 whenever she
obtains two photons in mode 5′.)

To demonstrate our entanglement manipulation, we
prepared entanglement controllable photon pair source
[5, 6, 7], which uses parametric down-conversion from
two separated Type I phase matched BBO crystals.
The setup of polarization entangled photon source is
shown in Figure 2. A mode-locked Ti:Sapphire laser at
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Figure 2: The setup of our experiment for polarization
entangled photon pair.

0.0

5.0x10
3

1.0x10
4

1.5x10
4

2.0x10
4

2.5x10
4

VVVHHVHH  C
o
in

c
id

e
n
c
e
 C

o
u
n
ts

 i
n
 1

0
s

0 50 100 150 200 250 300 350
0.0

5.0x10
3

1.0x10
4

1.5x10
4

2.0x10
4

2.5x10
4

Visibility = 92%

C
o
in

c
id

e
n
c
e
 C

o
u
n
ts

 i
n
 1

0
s

Polarizarion Angle (degree)

Figure 3: Experimental test of the entanglement of
the photon pair. These results are consistent with the
state |Φ(+)〉12.

a wavelength of 790nm, a pulse width of 100fs, and a
repetition rate of 82MHz, was frequency doubled at an
average power of 350mW and directed into BBO crys-
tals for parametric down-conversion. When only one
photon appears in each port of BS, these two photons
are entangled. To confirm the entanglement, we col-
lected all photons in single-mode optical fibers through
polarizers and then performed coincidence measure-
ment. (In order to control the entanglement of the
photon pair, we rotate the polarization of pump beam
from 45◦.) The result of the coincidence measurement
is shown in Figure 3. As expected, coincidence counts
displayed sinusoidal fringes with high visibility (92%).
We can obtain ∼ 2000 coincidence counts per second,
this result is comparable to a recent teleportation ex-
periment [17].

Using this photon pair source, we performed a four
photon interference experiment. The setup is shown
in Figure 4. We produced the two entangled photon
pairs with the scheme described in Figure 2, by re-
flecting the pump beam in opposite direction using the
dichroic mirror(d). This dichroic mirror was moved by
motorised stage in order to adjust the path difference
between two photon pairs. The result of the fourfold
coincidence measurement is shown in Figure 5. The vis-
ibility of four photon interference is roughly 50%. This
is the first experimental result of four photon interfer-
ence for photon pair source using two separated Type
I phase matched BBO crystals. Now, we are trying to
obtain four photon interference with higher visibility.
In this poster session, we will report our latest results.

We thank K, Tamaki and A, Miranowicz for helpful
discussions.
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Figure 4: The setup of the four photon interference
experiment.

Figure 5: Observation of four photon interference.
The number of fourfold coincidence events per 10000s
is plotted as a function of the path difference between
two photon pairs . The angles of polarizers in mode 1,
2, and 4 are all 45◦ . The two plots correspond to the
angles 45◦ and −45◦ of the polarizer in mode 3.
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