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Abstract

The scheme of experiment is considered to test an interpretation of
the measurement on EPR state proposed in a recent paper. Two EPR
states are used, the first with photons A and B, and the second with
photons C and D. Two 50/50 non-polarizing beam splitters are used,
the first for photons A and C, and the second for photons B and D.
Application of rotation to photon A, because of entanglement, triggers
rotation of photon B in the vacuum state. This does not affect the
outcomes of photon B but may be seen in joint detection of photons B
and D as a change of the interference pattern. This takes place through
two-particle states of photons B and A, A and C, C and D, D and B,
with particles A and C in the vacuum state.
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1 Introduction

EPR state came into consideration in the ceminal paper by Einstein, Podol-
sky, and Rosen (EPR) [1]. EPR state is a system of two entangled particles
given by a delta function, δ(x1 −x2), which keeps an observable of the system,
A(ψ1) + B(ψ2) = 0. There is a contradiction between the conservation of an
observable of EPR state under the measurement on the particle of EPR state
and the peaceful coexistence of quantum mechanics and special relativity in
the experiments on entanglement. On the one hand, following Bohr’s interpre-
tation [2], the measurement on particle 1 preparing it in some state disturbs
the whole system of particles 1 and 2 such as to fix particle 2 in a state to
conserve an observable of the global state. This happens instantaneously by
means of collapse of the global state of the system thus making particles 1 and
2 separate. On the other hand, following the peaceful coexistence [3, 4, 5, 6],
the measurement on particle 1 does not affect the outcomes of particle 2.
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In a recent paper [7] an interpretation of the measurement on EPR state was
proposed. The measurement on particle 1 (2) prepares it in some state and fixes
particle 2 (1) in a state to conserve an observable of the global state. Particle 2
(1) is fixed in the vacuum state which does not produce the outcomes of particle
2 (1) that is in agreement with the peaceful coexistence. In joint detection of
particles 1 and 2, the vacuum states give contribution to the phases of the
states of the particles that governs correlations of the particles. The approach
proposed resolves the contradiction between the Bohr’s clarification of the
measurement on EPR state and the peaceful coexistence. In the present paper
we shall consider the scheme of experiment to test the proposed interpretation
of the measurement on EPR state.

2 Measurement on EPR state

Following [7] consider an interpretation of the measurement on EPR state,
with different notation. Consider EPR state of two photons in the form

ψAB = (ψ+
Aψ

−
B + ψ−

Aψ
+
B)/

√
2 (1)

where subscripts A, B label particles with spatial modes �kA, �kB respectively,
superscripts +, - label the orthogonal projections. Let apparatus 1 act locally
on particle A with the unitary operator UA. Let the unitary operator UA

project particle A onto the state U+
AψA. Assume that the two-particle state is

projected onto the state
U+

AψA|1〉U−
AψB|0〉 (2)

where |1〉 is the one-particle state, |0〉 is the vacuum state. Here we follow
the standard interpretation that the measurement on particle A prepares it
in some state and fixes particle B in a state to conserve an observable of the
global state. Unlike the standard interpretation, particle B is fixed in the
vacuum state. Therefore, the measurement on particle A does not produce the
outcomes of particle B that is in agreement with the peaceful coexistence.

According to the standard interpretation, the unitary operator UA acts
only in the space of particle A as UA ⊗ IB. This holds for the product states.
We assume that, for the entangled states, the unitary operator UA acts in the
space of particle A onto the one-particle state and in the space of particle B
onto the vacuum state as UA|1〉⊗UA|0〉. This means that the vacuum state of
particle B is non-local, defined in the space between particles A and B. We
shall describe non-locality of EPR state through the non-local vacuum states.

Let apparatus 2 act locally on particle B with the unitary operator UB.
Let the unitary operator UB project particle B onto the state U−

BψB. Assume
that the two-particle state is projected onto the state

U+
BψA|0〉U−

BψB|1〉. (3)
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The situation is mirrored to the measurement on particle A. Therefore, the
measurement on particle B does not produce the outcomes of particle A.

Joint detection of particles A and B is described by the combination of the
states eqs. (2),(3) as

U+
AψA|1〉U−

AψB|0〉U+
BψA|0〉U−

BψB|1〉 = U+
AU

+
BψA|1〉ψA|0〉U−

AU
−
BψB|1〉ψB|0〉.

(4)
Here the vacuum states do not produce outcomes of particles A and B but give
contribution to the phases of the states of particles A and B. The probability
of joint detection of particles A and B is given by

|U+
AU

+
BψAU

−
AU

−
BψB|2. (5)

If U+
A = U+

B and U−
A = U−

B one can reveal correlations of particles A and B.
Thus, the approach considered resolves the contradiction between the Bohr’s
clarification of the measurement on EPR state and the peaceful coexistence.

3 Scheme of experiment

So, an interpretation of the measurement on EPR state was proposed in [7]. In
what follows we shall consider the scheme of experiment to test this approach.
The vacuum state of particle B, U−

AψB|0〉, is defined with respect to the state
of particle A. Therefore, it may be seen in joint detection of particles A and
B. Consider the scheme of four particles A, B, C, D, with four two-particle
states, B and A, A and C, C and D, B and D. It is reasonable to think that
the vacuum state of particle B, U−

AψB|0〉, may be seen in joint detection of
particle B and D through two-particle states, B and A, A and C, C and D,
D and B, with particles A and C in the vacuum state. We shall utilize the
two-photon interference of independent particles which was realized in several
experiments, e.g. [8] and references therein.

Consider the system of two entangled photons in the EPR state

ψAB = (ψA|H〉ψB|V 〉 + ψA|V 〉ψB|H〉)/
√

2 (6)

where H , V denote horizontal, vertical polarization respectively. Consider
another system of two entangled photons in the EPR state

ψCD = (ψC |H〉ψD|V 〉 + ψC |V 〉ψD|H〉)/
√

2 (7)

where subscripts C, D label particles with spatial modes �kC , �kD respectively.
Let, photons A and C pass through a 50/50 non-polarizing beam splitter, and
photons B and D pass through a 50/50 non-polarizing beam splitter. As a
result, photons A and C form two-particle state, and photons B and D form
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two-particle state. We come to the scheme in which each pair of the four
photons forms two-particle state.

We shall consider joint detection of photons B andD as follows. Let, before
a 50/50 non-polarizing beam splitter, photons B andD pass through polarizers
which transmit particles with V polarization. After the beam splitter, the
reflected and transmitted beams are detected by single-photon detectors. The
outputs from the two detectors are sent to a coincidence counting circuit.
While scanning one of the detectors in the direction of the motion of the
photons we can observe the first order interference pattern. While scanning
both the detectors in the direction of the motion of the photons we can observe
the second order interference pattern.

Apply the operator of rotation UA = eiπ/2 to photon A thus preparing
photon A in the state UAψA|1〉. Because of entanglement the operator of
rotation U−1

A = e−iπ/2 acts on photon B thus preparing photon B in the
vacuum states U−1

A ψB|0〉. The vacuum state does not produce the outcomes
of photon B but may be seen in joint detection of photons B and D through
two-particle states, B and A, A and C, C and D, D and B, with particles
A and C in the vacuum state. In joint detection of photons B and D, one
thereby detects the combination of the states

ψB|1〉U−1
A ψB|0〉ψA|0〉ψC|0〉ψD|1〉 = U−1

A ψB |1〉ψD|1〉ψB|0〉ψA|0〉ψC |0〉. (8)

The probability of joint detection of photons B and D is given by

〈V |ψ2
B|V 〉e−iπ/2〈V |ψ2

D|V 〉. (9)

One can see that, in joint detection of photons B and D, the vacuum state
ψBe

−iπ/2|0〉 makes photons B and D orthogonally polarized. It is worth to
stress that individual photons B and D remain of the same polarization V .
For the photons of orthogonal polarizations, we cannot observe an interfer-
ence pattern. Thus, the scheme considered allows one to test the proposed
interpretation of the measurement on EPR state.

4 Conclusion

In a recent paper [7] an interpretation of the measurement on EPR state was
proposed. The measurement on particle 1 (2) fixes particle 2 (1) in a vacuum
state which does not produce the outcomes of particle 2 (1) but gives contri-
bution to the phases of the states in joint detection of particles 1 and 2. In
the present paper we have considered the scheme of experiment to test the
approach proposed.

The scheme utilizes two EPR states of the photons in the basis of polariza-
tions H and V , the first with photons A and B, and the second with photons
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C and D. Photons A and C pass through a 50/50 non-polarizing beam splitter
thus forming two-particle state, and photons B and D pass through a 50/50
non-polarizing beam splitter thus forming two-particle state. We come to the
scheme in which each pair of the four photons form two-particle state. There is
an arrangement for joint detection of independent photons B and D prepared
in the state of the same polarization which allows to observe an interference
pattern of the photons.

When applying rotation π/2 to photon A, because of entanglement, photon
B in the vacuum state will rotate at −π/2. This does not affect the outcomes
of photon B but may be seen in joint detection of photons B and D through
two-particle states of photons B and A, A and C, C and D, D and B, with
particles A and C in the vacuum state. In joint detection of photons B and
D, rotation −π/2 of photon B in the vacuum state makes photons B and D
orthogonally polarized. As a result, we cannot observe an interference pattern
in joint detection of photons B and D. Thus, the scheme considered allows
one to test the proposed interpretation of the measurement on EPR state.
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