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Abstract: We implement the cyclic quantum receiver based on the theoretical proposal of Roy
Bondurant and demonstrate experimentally below the shot-noise limit (SNL) discrimination of
quadrature phase-shift keying signals (PSK). We also experimentally test the receiver generalized
for longer communication alphabet lengths and coherent frequency shift keying (CFSK) encoding.
Using off-the-shelf components, we obtain state discrimination error rates that are 3 dB and
4.6 dB below the SNLs of ideal classical receivers for quadrature PSK and CFSK encodings,
respectively. The receiver unconditionally surpasses the SNL for M=8 PSK and CFSK. This
receiver can be used for the simple and robust practical implementation of quantum-enhanced
optical communication.
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1. Introduction

In digital communication, information is encoded into a finite set of physical states at a transmitter,
sent through a communication channel and measured (discriminated) at a receiver [1,2]. Today,
optical pulses are the preferred information carriers for long-distance communication [3,4].
The global volume of data exchange has reached 200 exabytes per month and continues to rise
exponentially [5]. The exponential growth in data leads to "capacity crunch" in the underlying
physical systems. One of the possible methods to deter the exponential growth of physical
resources for communication is to use quantum, rather than classical measurement at the receiver.
By doing so, the optical energy required to transmit bits of information with the same reliability
can be reduced, when compared to traditional receivers. On the other hand, implementation of
quantum measurement may be difficult, hindering its practical use. Here we experimentally show
the receiver that could solve this lingering issue.

Coherent states of light are excellent for optical communication because they are easy to
generate, modulate, and detect even in the presence of channel losses. Digital information can be
encoded in frequency, phase and/or amplitude of coherent states. Encoding methods differ in their
use of these parameters. The number of coherent states that comprise the communication alphabet
can also differ. The encoding method and the alphabet length are selected to optimize data transfer
given the practical limitations of the communication channel. There are, however, fundamental
limits on such optimization. Measurement noise at the receiver limits the data transfer even in
otherwise noiseless optical channels. Classical optical receivers are typically limited by the shot
noise [6,7] that gives rise to a classical minimal error probability for the discrimination. However,
from a quantum standpoint, lower error probabilities can be achieved. This quantum limit is
known as the Helstrom bound (HB) [8]. The Dolinar receiver [9] theoretically can reach HB
for discrimination of two coherent states. Unless a quantum computer is used [10], no quantum
measurement reaches the HB for longer alphabets. Yet, practical state discrimination below the
SNL is still possible: quantum-measurement enhanced receivers with variety of discrimination
strategies were investigated in a number of experimental and theoretical studies [9,11–26]. In
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