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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 
in a completely new scenario

Secure communications  
at planetary scale



Why 
Space  

Quantum 
Communications?

Quantum Communication (QC) 
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…)



In particular… 
the Chinese Micius satellite



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)

Experimental study of single 
photon transmission from satellites

Satellite Orbit

MLRO

SLR laser: 10 Hz, ~100 mJ, @532 nm 
Qubit laser: 100 MHz, ~1 nJ, @532 nm

Typical detections histogram

C. Agnesi et al., Phil. Trans. R. Soc. A 376, 20170461 (2018) 



Exchanging single-photons with satellites
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∆ = tmeas− tr ef (ns)D. Dequal et al., Phys. Rev. A 93, 010301(R) (2016)

Extending the range of 
satellite QCs



Exchanging single-photons with GNSS terminals
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L. Calderaro et al., arXiv:1804.05022 [quant- ph] (2018) 

III PhD year



Feasibility of different photon encodings

Satellite Orbit

MLRO
G. Vallone et al., Phys. Rev. Lett 115, 040502 (2015)

0 50 100 150 200 250 300

1,000

1,200

1,400

1,600

−2 −1 0 1 2

 20

10

0

10

20

−2 −1 0 1 2

 

−2 −1 0 1 2

 

−2 −1 0 1 2

 

∆=t
 meas

−t
 ref

 (ns)

Time (s)

C
o
u
n
ts

S
a
te

lli
te

 d
is

ta
n
ce

 (
km

)

Det|H ⟩

Det|V ⟩

Det|H ⟩

Det|V ⟩

Det |L⟩

Det|R ⟩

Det|L⟩

Det|R ⟩

|H ⟩

|V ⟩

|L⟩

|R⟩

Time-bin

Polarization

PPLN

PMT

0 100 200 300 400 500
Time (s)

-6

-4

-2

0

2

4

6

R
ad

ia
l V

el
oc

ity
 (k

m
/s

)

Long

Short

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

• 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)

Idea! 



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

F. Vedovato et al., 
Sci. Adv. 3, e1701180 (2017)  

II PhD year







What if we delay the 
measurement choice?



The actual implementation
• Two-way scheme 

• Experimental setup combining time-bin 
and polarization encodings 

• Random choice set by a QRNG 

• Measurement choice space-like separated 
from photon-reflection at the satellite



Satellite-induced interference pattern
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Results
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G. Vallone et al.,
Phys. Rev. Lett. 116, 253601 (2016)

F. Vedovato et al., 
Sci. Adv. 3, e1701180 (2017)  



Bell test of local realistic theories
II-III PhD year



Bell test with entangled states
II-III PhD year



Franson’s Bell test with time-bin entanglement
II-III PhD year



Franson’s Bell test with time-bin entanglement
II-III PhD year

POST-SELECTION 
LOOPHOLE



Bell test with genuine time-bin entanglement
II-III PhD year



The experimental set-up
II-III PhD year



Results of the Bell tests
II-III PhD year

F. Vedovato et al., arXiv:1804.10150 [quant- ph] (2018)  



Outputs of my PhD
Publications and pre-prints: 
1. G. Vallone et al., Interference at the single-photon level along satellite-ground channels, Phys. 

Rev. Lett. 116, 253601 (2016)  
2. G. Vallone et al., Satellite quantum communication towards GEO distances, Proc. SPIE 9900,  

Quantum Optics, 99000J (April 29, 2016)  
3. G. Vallone et al., Interference for Quantum Time-Bin States in Satellite Channels, Frontiers in 

Optics 2016, OSA Technical Digest (online) (Optical Society of America, 2016), paper FTh4F.2  
4. F. Vedovato et al., Extending Wheeler’s delayed-choice experiment to Space, Sci. Adv. 3, 

e1701180 (2017) 
5. C. Agnesi et al., Exploring the boundaries of quantum mechanics: advances in satellite quantum 

communications, Phil. Trans. R. Soc. A 376, 20170461 (2018) 
6. F. Vedovato et al., Post-selection-loophole-free Bell violation with genuine time-bin 

entanglement, arXiv:1804.10150 [quant-ph] (2018)  
7. L. Calderaro et al., Towards Quantum Communication from Global Navigation Satellite System, 

arXiv: 1804.05022 [quant-ph] (2018)  

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 


