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SEAKEY Quarterly Progress Report for the

Period 14 November 2015 — 22 February 2016 (100 Days)

Section A. Project Schedule

The Year 2 timeline below identifies the high level SeaKey tasks and approximate

durations.
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Section B. Technical Progress
SUMMARY

In this report we summarize the technical progress accomplished during the fourth
guarter of the second year of the SeaKey program. In this quarter we started work on

our experimental option task and that progress will be reported here.

This quarter we have continued work calculating the key rates achievable parametrically
with receiver performance. In addition, we describe the initial designs and construction
of the CV-QKD transmitter and receiver we are planning to build, and provide an update

on the construction of those sub-systems.
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TECHNICAL RESULTS

In our program review presentation, we emphasized the critical role that noise plays in
determining the range of CV QKD systems. In Figure 1 we show the theoretical rate (in
bits/s) vs. range (in km) of a CV QKD implemented using a homodyne detector for
various values of generalized common-mode rejection ratio (CMRR). Clearly, the
electronic and environmental noise as well as imbalance in the homodyne detection can
cause severe (if not fatal) degradation in performance of CV QKD systems. In this
guarter we focused on identifying means to mitigate this degradation.
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Figure 1. Rate vs. distance performance of CV QKD system employing a homodyne
detector for various values of generalized common-mode rejection ratio (CMRR), which
accounts for the imbalance in the optical arms and the asymmetry in the differential
amplifier of the detector. Detector is operating at wavelength 4 = 1.55um with electronic
bandwidth B = 100MHz, the contribution of the electronic (internal) and environmental
(external) noises of §, = 0.056 and &, = 0.045 photons per pulse, respectively. The
apertures for both receiver and transmitter are circular with equal radii r; = r = 0.1m.
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The efficiency of the detector n; = 0.98 while that of the error correction coding is § =
0.898. The power of the local oscillator (LO) is P, = 20mW while its relative fluctuation
is AP, = 0.1%RMS. We calculate the contribution N;, of LO fluctuations in the local
oscillator to the noise for each CMRR using equation (11) in Che et al., New J. Physics
13 (2011) 013003. We also plot the idealized case N;, = 0 when either the detector is
perfectly balanced (CMRR= o) or the LO is perfectly stable (AP,, = 0). We optimize
the repletion rate and transmitter power.

Our ideas can be summarized as follows:

1. Measuring LO concurrently to reduce the impact of deleterious fluctuations: we
are investigating a novel approach to homodyne detection where a portion of LO
is split off and directed towards a third photodetector, which measures its
intensity. This measurement, which would capture the LO fluctuations) would
then be used to reduce the noise of the homodyne detector. This is effectively an
electronic active control system which could increase the CMRR beyond what
could be achieved by other means (such as mechanical active control systems
for the stability of the detector arms).

2. Taking advantage of finite constellation modulation in our CV QKD approach, we
could potentially allow the use of lower-resolution A/D converters, and result in
reduction of electronic noise (as well as SWaP).

Design for a Free-Space CV — QKD System

We continue to make progress in the construction of the experimental setup for the
measurement of atmospheric transmission of phase-encoded coherent states.
Currently, we are focusing on the construction of the homodyne receiver. Figure 2
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Figure 2 Spiral 2 receiver design, following the self-referenced CVQKD proposal.

shows the design for the homodyne receiver, along with the current fiber-based
laboratory implementation of the receiver. The components were purchased from
ThorLabs Inc., except for the polarization-maintaining 50:50 beamsplitter that performs
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mode-mixing in the receiver, which was purchased from Oz Optics. The laseris a
Santec tunable laser generating approximately 5 mW of optical power at 1550 nm.

A key component in the system is the variable optical attenuator (VOA) required to
balance the optical power in the output arms of the beamsplitter, compensating for non-
uniformity of the beamsplitting ratio. We attempted several designs for this VOA, but
ran into problems achieving sufficient simultaneous stability and tenability. At this time,
we have arrived at a solution which involves rotating a half-waveplate inside a free-
space precision rotation mount, centered between left-handed and right-handed beam
displacer modules. This allows for tunable attenuation, irrespective of the input
polarization of the light. While, thus far, this has proven to be a very stable solution, the
tuning is manual and very sensitive. We are currently examining replacing the precision
rotation mount with one that has a micrometer integrated for fine adjustment of overall
loss.

Next Steps:

In the next quarter we will be continuing construction of the receiver setup, and
providing data to the theorists for examining the performance of the receiver
approaching the shot-noise limit. We will also be beginning construction of the QPSK
transmitter.

Section C. Problem Areas — Identification

There are no problems or issues to report at this time.
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Section D. Financial Update
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SEAKEY — Experiment Option
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