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A demonstration experimental system for simultaneous observation of optical-wave and single-photon
interferences is constructed based on a Michelson twin interferometer with a common optical system. By
simultaneously producing two interference signals from one common interferometer, the relative
variation of two interference signals in the temporal synchronization is suppressed to less than 1% of the
wavelength even in the experimental environment without special temperature control and vibration-
proofing equipment. Simultaneous observation of optical-wave and single-photon interferences with the
proposed interferometer is possible by making one of the two interference paths correspond to the
photon interference. In addition, a demonstration experiment for the quantum erasing effect is also

possible in both optical-wave and photon interferences.
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Fig. 1 Schematics of the experimental setup for observing
the optical-wave and single-photon interferences. M;=Msy,
reflecting mirrors; BS,~-BS;, beam splitters; A;—A;, apertures;
P,-P;, polarizers; CCP;, CCP,, corner cube prisms; PD;, PD,,
photodetectors; ND, neutral density filter; PMT, photomulti-
plier tube; PZT, piezoelectric transducer; V), applied voltage to
PZT. The solid and dotted lines denote the optical-wave and
photon paths, respectively. The dotted line denoted by a, b, c,
d is a virtual path used to increase the photon path length if the
same optical path length between the optical-wave and photon
paths is necessary.
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Fig. 2 Optical layout of the Michelson twin interferometer
consisted of two cube-corner prisms (CCP;, CCP,) and a
beam splitter (BS,) for two incident laser beams along
different optical paths for optical-wave and single-photon inter-
ferences, respectively.
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Fig.3 Photographs displayed on an oscilloscope of the tempo-
ral dependence of optical-wave (labeled as i) and single-
photon (labeled as ii) interferences for persistence times of
(a) 50 ms and (b) 5 minutes, respectively. P;, P,, and P; are
in the same polarization direction normal to the laser
polarization.
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Fig.4 Photographs displayed on an oscilloscope of the tempo-
ral dependence of optical-wave (labeled as i) and single-
photon (labeled as ii) interferences by respectively changing
the polarization direction of P; at 2.5 [Fig. 4 (a)] and 10 [Fig.
4 (b)] degrees from the horizontal direction.
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Fig. 5 Experimental demonstration for the quantum erasing
with optical wave (i) and single photon (ii) interferences.
Photograph (a) displays the optical-wave and single-photon
interferences when Ps; and P; are positioned in the vertical.
Photograph (b) shows the quantum erasing for P; and Pg
oppositely rotated to 45 degree from the vertical direction.
Photograph (c) is the interference reappearance by inserting
P, between BS, and M.
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