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Abstract. We theoretically analyze the capability of generating broadband 
single-photon states in photonic crystal fibers (PCF) formed by spontaneous 
four-wave mixing (SFWM) using femtosecond laser pulses. The design of 
PCF structures with the flat dispersion profile is proposed. The 
characteristics of the correlated photon pairs with a broadband spectrum and 
low spectral correlation for these structures are calculated.  

1 Introduction  
Spontaneous four-wave mixing (SFWM) and spontaneous parametric down-conversion 

(SPDC) is a powerful tool for generating a wide class of non-classical states, in particular the 
single-photon or two-photon states [1, 2]. Such states are the basis for long-distance quantum 
communication, quantum memory and quantum computing protocols. Specific 
characteristics of such sources determine possibility of its application [3]. The main 
advantages of these methods include high stability of obtained states in time, the possibility 
to generate spectrally limited pulses at room temperatures, the possibility to adjust optical 
wavelength and the spectrum width as well as small influence of multi-photon states. The 
basic disadvantages of the methods are the random nature of single-photon generation, that 
leads to a probability of obtaining the two-photon state, and a correlation between the signal 
and idler photons. An important characteristic of single-photon pulse is the width of the 
spectrum. It determines the efficiency of interaction with the device quantum information 
science. An important characteristic of a single-photon pulse is the spectrum line width. It 
determines the efficiency of interaction with the quantum information device. For example, 
for cold atomic systems it is required to have a narrowband single-photon state with a spectral 
line width about 100 MHz. However, for some problems of interest one would need the 
spectral limited broadband single-photon pulses [4]. Broadband single-photon sources based 
on spontaneous four-wave mixing with fiber structures are of interest for high-speed 
transmission of information and high agreement with fiber networks. In this paper we 
investigate the possibility of generation such states using photonic-crystal fibers. Specific 
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design structures of such fibers allow us to obtain a flat profile of dispersion at wavelengths 
of pump, signal and idler photons. 

2 Results 

In order to determine spectrum and correlation characteristics for the SFWM photon fields 
it’s necessary to determine the exact values of the refraction index and dispersion of PCFs at 
its length, that take part in the parametric processes. Usually it is not possible to get analytical 
solution for the complex internal structure of PCFs to determine its characteristics and to find 
fundamental modes. That’s why computations of the effective refraction index, dispersion 
and other characteristics of PCF are provided by means of a numerical solution of Maxwell’s 
equations. In the study, simulations were carried out in Lumerical software.  

 
Fig. 1. . The dependence of the fiber dispersion for different structures on the wavelength. Fiber with 
“no defect” have zero dispersion wavelength at 800 nm. Fiber with “defect 1,3” and “defect 2,5” have 
circle air hole in core with diameter 260 and 500 nm.  

We proposed a new design of photonic crystal fiber structure with the flattened dispersion 
profile optimized for generation of broadband single photon states in SFWM process using 
ultrashort laser pulses. Calculation of synchronism conditions showed a significant 
broadening of the spectrum compared to the standard photonic crystal fiber with low spectral 
correlation between the signal and idler photon. 
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