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Research project goal ™™

Study the feasibility, from the theoretical and experimental point of view, of
different experiments involving Quantum Optics in space with multiple
purposes and applications

Fundamental tests of physics Secure communications
in a completely new scenario at planetary scale




Why
Space

Quantum
Communications!
o

Quantum Communication (QCQC)
is the faithful transmission of
quantum states between two
distant locations

QCs are at the heart of these
experiments, but they are
nowadays limited to within few
hundreds of kilometers

The aim of Space QCs is to
implement and exploit QC-
protocols in the satellite scenario

Novel and very active research
field (Europe, Canada, Japan,
Singapore...)




Retired rescarch chimps Job losses undermine Marine predators shape
stuck in limbo educational advancement prey defenses

In particular...

the Chinese Micius satellite SClence o

Ground-to-satellite quantum
teleportation

Nature 549, 70-73 (07 September 2017

- Satellite-to-ground quantum key
distribution
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Satellite-Relayed Intercontinental Quantum Network
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Sheng-Kai Liao etal - Satellite-based entanglement distribution over 1200
Phys. Rev. Lett. 120, 030501 - Published 19 January 2018
kilometers

-_-
PhysSICS see Focus story
Juan Yin'~#, Yuan Cao'~, Yu-Huai Li'#4, Sheng-Kai Liao'<, Liang Zhang“~, Ji-Gang Ren'“, Wen-Qi Cai ', Wei-Yue Liv'<, Bo ...
See all authors and affikations




Experimental study of single ﬁp

photon transmission from satellites  coogispome

Mimic a quantum source in orbit by
exploiting retroreflectors on satellites
MLRO for sending pulses towards the
satellites

Mean photon-number per pulse close
to 1 at the reflection

Single-photon detections with ns
accuracy (or higher)

Various photon degrees of freedom
available for encoding information (as
polarization and temporal modes)
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Typical detections histogram



Exchanging single-photons with satellites
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Exchanging single-photons with GNSS terminals

lIl PhD year
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L. Calderaro et al., arXiv:1804.05022 [quant- ph] (2018)
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G. Vallone et al., Phys. Rev. Lett 115, 040502 (2015)

G. Vallone et al., Phys. Rev. Lett. 116, 253601 (2016)

Feasibility of different photon encodings
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® Photon polarization is preserved
along the free-space propagation

® \We have access to an interferometer
which extends for thousands of
kilometers in Space (I PhD year)




Extending Wheeler’s delayed-choice to Space

We implemented Wheeler's experiment along a satellite-ground
interferometer which extends for thousands of kilometers in space

allowing us to probe the laws of Nature at this unprecedented scale
Il PhD year

F. Vedovato et al., :
Sci. Adv. 3, 1701180 (2017) :










What uf we delay the
measurement cholee?
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The actual implementation

® Two-way scheme

® Experimental setup combining time-bin
and polarization encodings
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Satellite-induced interference pattern
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Bell test of local realistic theories

X

j +

a
Inputs: x,y € {0, 1}
Outputs: 2, b € {—1,+1} y

lI-11l PhD year

@Q

abp(a,blx,y)

S1R :=(aobo) + (apby) + (a1 bg) — (a1 by) <2
Bell-CHSH 1nequality



Bell test with entangled states
lI-11l PhD year
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Franson’s Bell test with time-bin entanglement
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Franson’s Bell test with time-bin entanglement
lI-11l PhD year
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Bell test with genuine time-bin entanglement
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The experimental set-up
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Results of the Bell tests

lI-11l PhD year
1) the passive time-bin with post-selection;

i1) the passive time-bin with no post-selection;

i11) the active time-bin with no post-selection.
Time-bin scheme | Aw | Post-Selection Loophole Voo Sexp SD
i) passive 2.4 ns Yes 0.95+0.05 | 2.58£0.03 | 18.3
11) passive 8.1 ns No 0.23+0.02 | 0.67+£0.02 | —
i) active 8.1 ns No 0.89+0.03 | 2304003 | 9.3

F. Vedovato et al., arXiv:1804.10150 [quant- ph] (2018)
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Contributed talks at international conferences:

® “Satellite Quantum Communications: experimental results and implications” - YQIS 2016,

Barcelona, Spain

® “Quantum Interference Along Satellite-Ground Channels” - RQI-N Conference 2016, Waterloo,

Canada

® “Testing Quantum Mechanics with Satellite Quantum Communications” - IQIS 2018, Catania



