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Bell state measurements (BSMs) play a key role in quantum repeaters [1] and in measurement-deviceindependent quantum key distribution (MDI-QKD) [2, 3]. Time-bin qubits [3] are often used as they are
relatively easy to implement. However, technological challenges arise when performing BSMs with timebin qubits, which requires superposing two qubits on a 50/50 beamsplitter (BS), and recording timeresolved detections in subsequent single photon detectors (SPDs), as shown in figure A. A projection onto
the |ψ-〉 state is characterized by one of
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event in both the early and late time-bins, see figure C. Due to the long recovery times of most single
photon detectors (on the order of a few µs), typical implementations only measure projections onto the
|ψ-〉 state. This technological obstacle translates into a success probability of the BSM of only 25%, a
factor of two below the maximum allowed by linear optics. In addition the BSM efficiency scales as η2
where η labels the detection efficiency, which, assuming a typical value for InGaAs APDs of 15%, yields
η2≈0.02. Here we present the first implementation of a BSM using time-bin qubits with projections onto
the |ψ+〉 state. Various qubit states are generated using weak laser pulses with a mean photon number of
µ=0.2. The measurement is performed with state-of-the-art superconducting nanowire single-photon
detectors (SNSPDs) with detection efficiencies of ≈80%, low dark count rates, and recovery times <100ns
[4]. We have measured the quantum bit error rates (QBER) for qubits prepared in the z-basis (|0〉, |1〉) and
the x-basis (|±〉=(1/√2)(|0〉 ± |1〉)) conditioned on Bell state projections onto |ψ+〉 after having transmitted
each qubit over 20 kms of spooled fiber. The results given in the following table clearly show the
possibility for BSMs using time-bin qubits with projections onto the |ψ+〉 state. If both states, |ψ-〉 and |ψ+〉,
are measured, the BSM efficiency is improved by roughly a factor of 60 compared to BSMs using
standard InGaAs APDs. This efficiency improvement has a direct positive impact on quantum repeaters
and MDI-QKD implementations.
µ = 0.2
QBER (%)

|ψ+〉 projection
z-basis

x-basis

theory

0

25

experiment

4.9%

28.8%

[1] N. Sangouard, C. Simon, H. de Riedmatten, and N. Gisin, Rev. Mod. Phys., 83, 33, 2011.
[2] H.-K. Lo, M. Curty, and B. Qi. Phy. Rev. Lett., 108 (130503), 2012.
[3] A. Rubenok, J. A. Slater, P. Chan, I. Lucio-Martinez, W. Tittel, arXiv:1304.2463 [quant-ph].
[4] F. Marsili, V. B. Verma, J. A. Stern, S. Harrington, A. E. Lita, T. Gerrits, I. Vayshenker, B. Baek, M.D. Shaw, R.
P. Mirin and S. W. Nam, Nat. Phot. 7, 210, 2013.

