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Abstract: We report on two-photon quantum interference experiments
in the standard telecommunication band. Two identical photons in the 1.5
µ m wavelength band were generated in spatially separated modes by a
type-I spontaneous parametric down-conversion process, and injected into
a fiber-optic Hong-Ou-Mandel interferometer. Two-photon interference
patterns of dip and spatial beating in the coincidence counting rate were
observed by varying the difference in optical path lengths. The visibilities
obtained in the net coincidences were close to the theoretical value of 100%.
The raw visibilities were also well above the classical limit.
© 2007 Optical Society of America
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1.

Introduction

Quantum interference effects that cannot be described by classical wave theory have been a
central issue in modern optics research [1, 2, 3]. The null-coincidence counting rate in the
two output modes of a beam splitter, when two indistinguishable photons are injected simultaneously into the two different input ports, is the most typical example of such nonclassical
interference effects [4]. This well-known Hong-Ou-Mandel (HOM) effect has recently found
various applications in the rapidly growing field of quantum information processing, including
linear optical quantum computing (LOQC) and scalable quantum networks [5, 6, 7, 8].
Although the HOM effect has already been used in the demonstration of various quantum
information protocols, most experiments to date have been performed at visible or near-infrared
wavelengths. For the construction of distributed LOQC and long-distance scalable quantum
networks, it is important to develop the HOM interference technique in the standard telecom
wavelength by using fiber-optic technology.
In a few recent experiments, the HOM effect with telecom-wavelength photons has been
used for quantum communication applications over optical fibers [9, 10, 11, 12, 13]. However,
the full quantum features of the HOM interference effect were not observed in those experiments. For instance, the observed interference visibilities were less than the classical limit of
50%, or visibilities greater than 50% were achieved by postselecting only some fraction of the
photons in the two output modes of the beam splitter. The observation of a genuine HOM effect
at telecom wavelengths remains a technical challenge. The spatial quantum beating effect [14],
which is an important variation of the HOM effect, has also not been observed in this wavelength range. Thus, to enhance future applicability, further developments of the HOM technique
at telecom wavelengths are desirable.
In this paper we present fiber-optic HOM quantum interference experiments in the standard
telecom band that do not rely on postselection. To observe the HOM effect perfectly, it is crucial to generate two identical photons in spatially separated modes. We prepared such photons
in the 1.5 µ m telecom band using a noncollinear spontaneous parametric down-conversion process [15]. We observed nonclassical two-photon interference patterns of dip and spatial beating
in the coincidence counting rate with high visibilities close to the theoretical value of 100%.
2.

Experimental setup

Figure 1 shows the experimental setup. Laser pulses from a mode-locked Ti-Sapphire laser
at a wavelength of 775 nm, with a pulse duration of 150 fs and a repetition rate of 75 MHz,
were used to pump an 8 mm thick beta barium borate (BBO) nonlinear crystal. Signal and
idler photons with the same polarization were created in well-defined spatiotemporal modes
because of type-I noncollinear phase matching. The positions of the fiber-optic collimators
were carefully aligned to ensure optimum collection of the down-converted light in the 1.5 µ m
wavelength band. The range of the collected bandwidth was estimated to be several hundred
nanometers in this configuration. Details of the two-photon creation and collection procedure
are similar to those of Ref. [15].
The signal and idler photons coupled into the standard single-mode fibers were directed to a
50/50 fiber-optic beam splitter. The beam splitter erases the spatial distinguishability by mixing
#82593 - $15.00 USD

(C) 2007 OSA

Received 30 Apr 2007; revised 28 May 2007; accepted 2 Jun 2007; published 5 Jun 2007

11 June 2007 / Vol. 15, No. 12 / OPTICS EXPRESS 7592













 




δτ












Fig. 1. Schematic of the experimental setup. M, mirror; FC, fiber-optic collimator; SMF,
single-mode fiber; ODL1 and ODL2, optical delay lines; PC, fiber-optic polarization controller; BS, 50/50 fiber-optic beam splitter; F1 and F2, wavelength-division multiplexing
(WDM) filter sets; D1 and D2, InGaAs/InP avalanche photodiode modules.

the signal and idler beams. The temporal and polarization modes must also be adjusted to ensure
complete indistinguishability between the two photons entering the beam splitter. We used the
optical delay lines to vary the optical path length from the crystal to the beam splitter, and the
fiber-optic polarization controllers to match the polarization modes of the two photons.
The filter sets F1 and F2 are composed of a 1310/1550 nm WDM filter and a four-channel
coarse WDM (CWDM) filter. The 1310/1550 nm WDM filter was used to reduce noise photons
outside the 1.5 µ m band. The cascaded CWDM filter divides the signal into four channels
centered at 1510, 1530, 1550, and 1570 nm, with 18 nm passband width at 3 dB. Thus, the filter
sets allow easy choice of the operating frequencies without affecting the remaining parts of the
setup. After passing through the WDM filter set, each signal or idler photon was detected by
the InGaAs/InP avalanche photodiode (APD) module. The APD modules operated in a gated
Geiger mode with the trigger signals derived from the pump laser after lowering the signal
rate from 75 MHz to 3.95 MHz. The output signals from the two APD modules and their
coincidences within a 5 ns timing window were counted simultaneously.
3.

Experimental results and analysis

Figure 2 shows the measured coincidence counts as a function of the optical delay line (ODL1)
position. The position of the other optical delay line (ODL2) was fixed. When equal passbands
of the 1550 nm channel were chosen in both CWDM filters, the usual HOM dip pattern was
observed, as seen in Fig. 2(a). The spatial quantum beating pattern of Fig. 2(b) was obtained
when the passbands were centered at the different conjugate wavelengths of 1530 and 1570 nm.
Following Ref. [14], the measured coincidence detection probability was approximated as
P ≃ A [1 −V e−σ

2 δ τ 2 /2

cos{(ω1 − ω2 ) δ τ }],

(1)

where A is a constant, V is the visibility, and δ τ is the optical time delay between the two paths
from the crystal to the beam splitter. ω1 and ω2 are the center frequencies of the passbands
of the two CWDM filters. They should be conjugates satisfying the phase matching condition
ω1 + ω2 = ω p , where ω p is the pump laser frequency. The passband frequency responses of the
CWDM filters are assumed to be Gaussian with rms widths σ .
The measured coincidence counts were fitted to Eq. (1). In Fig. 2(a), the visibility obtained
was nearly 100% with a standard error of 1.1%, and the raw visibility without subtracting the
accidental coincidences was 66.7 ± 0.7%. The FWHM of the dip was 104.5 ± 1.4 µ m. The
theoretical value estimated from the 18 nm passband of the CWDM filters is 118 µ m. The
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Fig. 2. Two-photon quantum interference patterns measured as a function of the optical
delay line position or the optical time delay δ τ . The best-fit curves are based on Eq. (1).
(a) ω1 = ω2 . (b) ω1 and ω2 do not overlap.

observed dip showed a slight deviation from the usual Gaussian shape. This is because the
spectral shapes of the CWDM filters are not well approximated by Gaussian functions. Note
that if the CWDM filters had rectangular frequency responses, the dip shape would be a sinc
function. In our experiment, however, the spectral shapes were very complex and not well
approximated by either of these simple functions.
In Fig. 2(b), the visibility obtained was close to the theoretical value of 100% with a standard error of 1.8%. The raw visibility was 61.3 ± 1.1%. The period of the cosine modulation
was 62.3 ± 0.3 µ m, which is in agreement with the theoretically estimated value of 60 µ m
considering the wavelength difference of 40 nm. The FWHM of the Gaussian envelope was
102.6 ± 2.1 µ m. This can be compared with the dip width 104.5 nm in Fig. 2(a).
4.

Conclusion

In conclusion, we have developed fiber-optic HOM interference techniques in the standard telecom wavelength range. Two identical photons in the 1.5 µ m band were prepared with spatially
separated modes using a type-I spontaneous parametric down-conversion process, and then injected into the two input ports of a fiber-optic beam splitter. The mode-matching difficulties
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in the beam splitter, which are usually encountered in free-space HOM experiments, could be
easily overcome by using fiber-optic techniques. Hence, we could obtain almost perfect nonclassical two-photon interference patterns of dip and spatial beating in the coincidence counting
rate. The visibilities obtained were near the theoretical value of 100%. It is worth noting that
the raw visibilities can also be further improved by decreasing the pump power [16].
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