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Abstract—We report on the creation of entangled photon pairs in 

nanostructured photonic crystal fibres in an intrinsically pure 

state. Quantum interference between independent photons is 

shown and the creation of cluster state creation is demonstrated. 

We will present a photon pair source for integrated photonic 

devices.  
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Photonic crystal fibres.  

I.  INTRODUCTION 

Single photons are at the heart of integrated optical 
quantum technologies such as quantum cryptography, quantum 
computing and quantum metrology. To achieve high visibility 
two-photon interferences, the photons need to be in a pure state 
which usually is achieved by narrow band filtering. This 

reduces the overall efficiency of detection (µ) and hence limits 
current experiments to a photon number in the order of 4-6. To 
achieve significant count rates for higher order multi-photon 
experiments (e.g. integrated cascaded CNOT or Cluster states) 

an improvement in µ to over 20% is essential. Here we report 
on the creation of photon pairs via four-wave-mixing (FWM) 
in birefringent Photonic Crystal Fibres (PCF) [1]. It has 
recently been suggested that for thoroughly engineering the 
phase matching condition of a birefringent PCF (Fig. 1), 
photon pairs can by created in an intrinsically pure state and 
narrow band [2,3]. This can be achieved for cross-polarized 
phase matching, where two pump photons in the slow axis (ss)  

Figure 1.  Profile of a nanostructured Photonic Crystal Fibre. 

Figure 2.  Phasematching curve for a birefringent fibre, with pairs annihilated 

and created in the fast (ff) and slow (ss) axis, respectively. 

are converted into a pair of photons, polarized in the orthogonal 
fast (ff) axis (Fig. 2, ss-ff). The aim is to produce such 
intrinsically pure and narrow-band photons and hence to 
achieve high non-classical interference visibility without any 
requirement for spectral filtering. A direct consequence is an 

increase in the collection efficiencies µ. The absence of any 
filters makes FWM hence a very promising approach for 
photon pair generation in integrated photonic technologies. 

II. THE EXPERIMENT 

A. Experimental Setup 

Pairs of signal (s) and idler (i) photons are created in an 

uncorrelated spectral state with factorable joint amplitude f: 

 )()(),( iissis fff ωωωω ⊗=  (1)  

with fs and fs the spectral distribution of signal and idler 

photon, respectively. In this case detecting one photon of the 

pair can be used to herald the other one in a pure quantum 

state. In order to experimentally test the purity of our single 

photons, we perform a Hong-Ou-Mandel experiment [4] using 



 

 

two heralded signal photons generated in two separate PCF 

sources. A pulsed laser (TiSa, 705 nm, 80 MHz, 1ps) pumps 

two 40 cm long separate pieces of PCFs. Photon pairs are 

created via FWM with an intrinsic bandwidth of ∆λs=0.13nm 

and ∆λi=2nm, respectively and split up by dichroic mirrors. 

Band pass filters of 40 nm and 10 nm bandwidth ([∆λs,i ) 

block the residual pump light in each two arms. Raman 

background is significantly reduced by spatial and polarization 

filtering. The idler photons are launched into single mode 

fibres and the signal photons into a single-mode 50:50 

coupler. All four outputs are connected to Silicon avalanche 

photodiodes linked to a four-fold coincidence electronics [5]. 

When the two signal photons arrive simultaneously on the 

beam splitter and polarization is controlled, a 78% reduction 

in the 4-fold coincidence count rate can be observed with µs 

∼0.21 and µi ∼0.18. 

B. Source of entangled photon pairs 

In a further setup, we are using one piece of PCF in a 

Sagnac loop configuration (Fig. 3), in order to create pairs of 

entangled photons. Pump pulses with diagonal polarization are 

sent onto a PBS, propagating along the PCF in both directions 

and giving raise to photon pairs. By tilting the optical axis of 

the fibre on one end by 90° (as depicted), the pairs always take 

the same output, but with orthogonal polarizations. They are in 

a coherent superposition of horizontal and vertical polarization 

( )is

i

is VVeHH ϕ+
2

1  and hence entangled. Fig. 4 

shows real and imaginary part of a full quantum state 

tomography with a fidelity of 86%. 

Figure 3.  Setup of  the entangled photon pair source. 

Figure 4.  Quantum tomography of the entangled state. 

III. CONCLUSION AND APPLICATION 

These sources of heralded and entangled photons now 
allow us to build integrated multi-photon setups as for example 
a cluster state or a teleportation gate. We will report on 
progress and details on these experiments at the conference and 
give an outlook on an integrated photon pair source for 
quantum information. 
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