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Abstract:
Theoretical and experimental details of initiating and amplifying a Stokes pulse using stimulated
Raman scattering in H2 are presented. Statistics associated with the spectral fluctuations of a Stokes
seed pulse have been measured and theoretically calculated. The spectral fluctuations are shown to
result from quantum noise associated with spontaneous initiation. These spectral fluctuations are an
example of an easily measurable macroscopic fluctuation of quantum origin. The effects of frequency
fluctuations on the generation of solitons in the nonlinear regime of stimulated Raman scattering are
calculated and measured.

A detailed derivation of the fully quantum mechanical stimulated Raman scattering equations is given
along with their solution for various approximations. The driven Maxwell’s equation for the Raman
system is derived from the system Hamiltonian. For treating the quantum initiation of stimulated
Raman scattering, the radiation field is expanded in localized coherent modes. The details of
calculating and using these modes to generate an ensemble of Stokes pulses are presented along with
specific examples and ensemble average statistics. The use of localized modes for treating the pulsed
cavityless Raman laser gives insight into the spontaneous initiation of Stokes pulses.

A numerical treatment of soliton initiation and formation in stimulated Raman scattering using a π
phase shift is given. The π phase shift is produced in the Stokes seed by modulating its envelope
through zero. It is found that by modulating the envelope slowly compared to the coherence decay
time, T2, a soliton pulse is initiated which narrows to be much shorter than T2 Our calculations also
confirm the prediction that solitons initiated using an off resonance seed decay during formation.

Solitons have also been observed in the pump and Stokes pulses from a Raman generator. It was
predicted that solitons would form in the generator due to random phase shifts caused by quantum
initiation. We have confirmed these predictions and measured the amplitude distribution of the
spontaneous solitons. 
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