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Simplified fiber laser setup
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1-D NSU for Envelope

gain dispersion 4WM

Boundary conditions at FBGs
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Balance Equation for Laser Power

Average Power

Gain – loss balance 

→ power distribution  P(z) in laser cavity
Gain saturation
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1-point correlation function
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Dispersionless limit for YDFL spectra

Assumption: random modes with Gaussian δ–correlated statistics

Short cavity L < 10 m and narrow spectral width ∆SP < 0.1 nm
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Analytical model for short cavity
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Analytical model for YDFL spectra
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Analytical model for YDFL spectra

S.I. Kablukov, E.P. Zlobina, E.V. Podivilov, 
S.A. Babin, Opt. Lett., 2012 
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Experimental results
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Generation linewidth in CW regime

∆SHB
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Cavity mode approach for Raman fiber laser

Low gain g RP = 1-10 km -1 ,       cavity length L>100 м,   
mode spacing is ∆ = с/2nL<1 MHz,  N~106 modes

cIncn γβν −∆= 2)(

NSU in mode representation: 

Dispersion and SPM frequency shift
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Cavity mode approach for Raman fiber laser

Assumption for correlation time :  

Assumption: random modes with Gaussian δ–correlated statistics

Wave kinetic equation for spectral density I(Ω) = <I(Δn)/Δ>n
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Comparison with experiment for RFL
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Babin S.A., Churkin D.V., Ismagulov A.E., Kablukov S.I.,
Podivilov E.V. Opt. Lett. 2006; JOSA B 2007.
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Conclusion

Multimode spectrum with random phases
takes hyperbolic secant shape with exponential tails
both for YDFL and Raman lasers,
whereas power broadening law is different – linear or square
root , corresponding to dephasing at FBGs or at propagation

The exp – shape of tails is defined by Kerr nonlinearity :
different treatments (weak wave turbulence=FWM+dispersion
for RFL or SPM for YDFL) converge at D->0, τ->2nL/c,

• Assumptions:

• Reflection from FBG randomize phase correlations induced by
4WM. Mode correlation time in short cavity is equal to roundtrip
time.

• Mode correlation time in long cavity is inversely proportio nal to
intra cavity laser power.




