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Abstract: Noise structure and coherence of mid-IR supercontinua in fibers with strong Raman 
nonlinearity were investigated. It was established that the octave-spanning spectra retain very high 
degree of coherence in the presence of the enhanced nonlinearity. 
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   Photonic crystal fibers (PCFs) provide extremely broad supercontinuum (SC) generation at sub-nJ input pulse 
energies in the near-infrared wavelength range. This was possible due to the mechanism of the so-called high-order 
soliton fission in the vicinity of zero-dispersion wavelength [1]. However, this mechanism loses its efficiency in  IR 
wavelength range. This results from the decrease of the effective electronic nonlinearity, which scales approximately 
as 31/ λ∝  [2]. Therefore, in order to provide more than octave-spanning SC, it is necessary to use the high-
nonlinear fibers like SF6 [3,4] pumped by the femtosecond pulses from the fiber or Cr:YAG laser [2]. 

Our Raman spectrum measurements have shown that such fibers (SF6 and SF57) possess higher Raman gain and 
twice higher Raman frequency shift in comparison with that in fused silica [5]. This can provide an addition spectral 
extra-broadening in mid-IR, but can also affect the coherence and the noise structure of SC. 

The aim of this paper was to investigate the coherence of octave-spanning IR SC from the highly-nonlinear PCFs 
and to demonstrate that the enhanced nonlinearity (in particular, stimulated Raman scattering (SRS)) does not 
reduce the SC coherence. Our treatment was based on the Wigner phase-space representation of the quantized field 
evolution in fiber [6]: 
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where we omitted the phase-term and h.c. means the hermite-conjugated equation for ψ +. ψ(t,z) is proportional to 
slowly varying time- (t) and propagation distance- (z) dependent field envelope; βn is the n-order group-delay 
dispersion of glass; γ is the Kerr nonlinear coefficient (ψψ +  is proportional to the field intensity);  h is the Raman 
response function. Γ is the noise term including the contribution of i) input quantum noise, fluctuating ii) pump 
pulse power, iii) duration, iv) carrier frequency, v) timing, and vi) Raman noise. 

The dependences of the averaged spectral powers on the pump pulse intensity for two types of the highly-
nonlinear fibers are shown in Fig.1. SRS causes the threshold-like extra-broadening at 7.5 and 5 GW/cm2 pump 
intensities for SF6 and SF57 fibers, respectively. Both fibers operate in the vicinity of zero-dispersion wavelength. 
Large Raman shift (≈1000 cm-1) allows the octave-spanning spectra for <200 pJ pump energies. However, according 
to previous investigations such a shift may reduce the spectral coherence [7]. In order to study the spectrum 
coherence, we simulated the field propagation on the basis of the above described stochastic equation for 128 noised 
pump pulses. The resulted spectral coherence is shown in Fig. 2. It was found that the enhanced SRS does not 
reduce the coherence. We suppose that this results from an essentially reduced threshold of the spectral extra-
broadening. Simulations demonstrated that the noise level essentially reduces inside the spectrum and contributes 
only within the spectral “gaps”. Hence, these fibers have been highly attractive for the noise-less octave-spanning IR 
SC generation with considerably reduced thresholds (<200 pJ). 
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Fig. 1. Logarithm of spectral power (from -30dB level) as a function of the input intensity of the 60 fs pump pulse from 
Cr:YAG laser operating at 1.5 µm wavelength.  Left graph: SF6 fiber with 2.6 µm core radius. Right graph: SF57 fiber with 
2.25 µm core radius. Propagation length is 20 cm. 
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Fig. 2. Logarithm of spectral power and degree of coherence (blue curve) for SF6 fiber pumped by 40 GW/cm2 60 fs pulse 

from Cr:YAG laser. The  red curve corresponds to the coherence in absence of Raman interaction. 
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