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Quantum Communications in Space

Exchange of quanta between an orbiting terminal

and a ground station

The quanta are best chosen by taking photons

Coding of information as qubits using one or more

photon degree of freedom:
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Temporal modes




Single photon in a
superposition of
states, with
normalized

amplitude a and b.

The measure gives
a click of a SPAD
on one port.

Quantum Coding




Explorable Scales
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Beyond our Solar System: Tests of
Quantum Gravity?

Solar system: using spacecraft to
test Quantum Gravity or Long-Range
Entanglement.

Envisioned;
feasibility limit for
quantum optics
tests, using future
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Quantum Communications in Space

Exchange of qubits between Alice
and Bob to create a correlation that
can be exploited for generating a
random cryptographic key.
Demonstration of protocols such as
guantum-key-distribution (QKD) and
guantum teleportation along satellite-
to-ground or intersatellite links.
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Single Photon exchange:
from LEO to MEO

Demonstration of the detection of photon from the
satellite which, according to the radar equation, is

emitting a single photon per pulse.
Status as of 2014, LEO orbits — 156 dB losses.

This work: moving to MEO sats.
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SLR apparatus Single photon det.
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SLR Pulse 100 MHz pattern SLR Pulse

100 MHz photon emission rate from sat

100 MHz, 100 mW laser @532 nm is
generated at MLRO and pointed toward
the satellite.

The high loss in the uplink reduce the intensity
to ., 1 photon per pulse. The single
photon signal is retroreflected toward the
ground station, where it is detected.

PMT single photon detectors, 22 mm dia. ,
~50 Hz dark counts, 10% efficiency

A beam splitter merges the 100 MHz laser
with the stronger 10 Hz Satellite Laser
Ranging (SLR) pulses.

The SLR signal is used for pointing and as a
synchronization reference.



Photon expected time of arrival (T,;) has been
derived dividing the interval between two

consecutive SLR detection

Synchronization of photon
detection with MLRO

100 ms: SLR detection
|

-
10 ns: single photon expectation
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The conditions of m_, <1
have been pointed out
along the orbit.

Evidence of a peak over
the background at a
slanted range up to 7500
Km
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Single photon exchange for
7000 km with LAGEQOS
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D. Dequal et al. Experimental single photon exchange
along a space link of 7000 km, arXiv:1509.05692 (2015).




Lageos 2015

Occurrences
) o
o o

(=)

y,ufsat‘< 1 I

-4

-3

5.10 G Gauss—0.4940.02 ns

1500 Ay =0.0240.02 ns

Occurrences

-2 -1 0 1 2 3 4 5

I/J’sat‘< 2 I

“"Gaus‘g:O.‘54:|:0‘.02 né
Ajisai A =0.0240.02 ns

1o band

Occurrences

4

-3

95 -4 -3 -2 -1 0 1 2 3 4
A= tmeasf tref (DS) A - tmeas_ tref (HS)

-2 -1 0 1 2 3 4 5

D. Dequal et al. Experimental single
photon exchange along a space link of
7000 km, arXiv:1509.05692 (2015)

Single photon exchange
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The temporal modes of light

A two-modes state is created with an unbalanced Mac h-Zehnder
Interferometer (MZI)

The satellite reflections induces a phase modulatio n, measured
using the same interferometer used for the generati on.



