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Quantum Key distribution (QKD) is a cryptographic information transmission method that relies on quantum properties of (entangled) photons to trans-
mit information securely. Two methods are regarded as promising to generate entangled-photon pairs (consisting of a signal and an idler), namely Four-
Wave Mixing (FWM), and Spontaneous Parametric Down-Conversion (SPDC). Here, we present a source of entangled photons generated due to degen-
erate FWM in an experimental Photonic Crystal Fibre (PCF). 

Abstract 

Introduction 
Security  

• In QKD, eaves-
dropping can be 
quickly detected 
as it changes the 
properties of in-
formation carrying 
photons which is 
due to fundamen-
tal laws of Quan-
tum Mechanics 
(Fig. 1) 

 

Addressed problem 

•  Limited availability of entangled-photon sources suitable for space application is a 
major obstacle towards a global QKD system 

 

Approach 

Generation of entangled photons in atmospheric windows (Fig. 2) with degenerate 
FWM requires a highly nonlinear optical fibre and large input powers. The use of PCFs 
and amplifiers allows us to reach such condi-
tions but this approach requires careful optimi-
sation of different stages because: 

• PCF dispersion profiles are decisive for phase
-matching to drive FWM 

• Nonlinearity also drives Raman effect and 
non-degenerate FWM that are detrimental 
for performance 

• Due to the high peak powers involved, em-
ploying some optical components such as fil-
ters or gratings is restricted 

Methods 

Results and Conclusion 

Set-up (Fig. 3) 

• Pulsed laser-diode source at 1064 nm  

• Series of optimised Yb fibre amplifiers 

• PCFs (experimental “Lille fibre” and 
commercial NKT Photonics LMA5) with 
lengths of 40-60 cm 

• Comparison of the FWM performance 
between NKT LMA5 and the “Lille fibre” 

 

 

 

Theoretical modelling and simula-
tions (Fig. 4) 

• Coupled Generalised Nonlinear 
Schrödinger equations (GNLS) in-
cluding dispersion and nonline-
arity wavelength-dependent pro-
files, Raman and Kerr effects 

• Two polarisation states (slow and 
fast axis) 

• Integration via 4th-order Runge-
Kutta in the interaction Picture 
Method (RK4IP) 

Fig. 3: Experimental set-up 

Fig. 4: Comparison between a) measurements 

and b) simulations for the Lille fibre 

Generated spectra 

• Both measurements and experi-
mental results agree 

• Conversion efficiency is  0.17% 
(signal) and 0.44% (idler) for the 
fast axis and similar for slow axis 

• NKT LMA5 signal in the O band 
while the Lille fibre one is in the 
C band 

 
Challenges and Outlook 

• Output spectrum of Lille fibre 
promising because of the pres-
ence of two peaks at interesting 
wavelengths 

• The birefringence and rich dy-
namics of nonlinear fibres have 
to be understood 

• The yield and correlation of sig-
nal and idler photons have to be 
measured 

• The pump should be filtered out 

• Both signal and outer waves 
should be attenuated 

• The signal and outer waves can 
be used to conduct an entangle-
ment based QKD protocol thanks 
to a correlation measurement set
-up (Fig. 7) 

• Investigation of an SPDC set-up 
for comparison 

 

Fig. 5: Output spectra of the NKT LMA5 and the 

Lille fibre 
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Fig. 6: Lille fibre spectra for various input peak 

powers 
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Fig. 2: Atmospheric spectral transmittance, 

Belov et al. 2018[1] 

Fig. 1: Entangled-photon QKD scheme for space 

Fig. 7: Example of a simple correlation measure-

ment set-up 
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