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Laminar-turbulent transition for light waves in a fiber laser
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N3ydeH mepexoa OT JaMHUHAPHOTO COCTOSIHUS K TypOYJIEHTHOMY JUIs
CBETOBBIX BOJIH, M0 aHAJOTHH C THAPOJUHAMHYECKON TypOYIEHTHOCTBIO.
Ha npumepe muHoromoioBoro BojiokonHoro BKP-na3epa npoaemonctpupo-
BaHO, YTO JIAMMHAPHBIA PEXHM COOTBETCTBYET CTaOWJIBHOM reHepaluu c
Y3KUM CIIEKTpPOM (TaK Ha3bIBa€MbI KOHJEHCAT C BBICOKOM KOTE€pPEHTHO-
CTBbIO) U HaOJIOJAaeTCsl MPHU MaJIbIX MOIIHOCTSX reHepanuu. [Ipu yBemuue-
HUU MOIIHOCTHU BBIII€ HEKOTOPOH KPUTHUUECKON MPOUCXOAUT CKaYKOOOpas3-
HBIHM nepexos K TypOyJIeHTHOMY PEXHMY U3-3a MOTEPU MPOCTPAHCTBEHHOM
KorepeHTHoCTU. [Ipu 3TOM criekTp reHepanuu pe3ko YIIMPSETCS M cToXac-
tusyetcs. Ilokazano, 4ro mepexol K TypOyJIEHTHOCTH MPOUCXOAUT H3-3a
paspylieHus KOHJeHcaTa 3a c4€T 0O0pa30BaHMsl U KJIACTepU3allMi TEMHBIX U
CephIX COJIUTOHOB.

A transition from the laminar to turbulent state of light was studied by
analogy with hydrodynamic turbulence. By an example of a multimode fiber
Raman laser, it was demonstrated that the laminar regime corresponds to
stable generation with a narrow linewidth (so-called condensate of high co-
herence) and is observed at low power levels. With increasing power above
some critical level, a stepwise transition to the turbulent regime takes place
due to the loss of spatial coherence. At the transition, the generation spec-
trum broadens abruptly and becomes stochastic. It was shown that the lami-



nar-turbulent transition in the laser is due to condensate destruction by clus-
tering dark and grey solitons.
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Puc. 1.1. DkcnepuMeHTanbHBIE (@, 6) W Pacu€THBIC (8, &) MPOCTPAHCTBEHHO-
BpPEMEHHBIE PACIPE/IEICHUs] HHTCHCUBHOCTH B 3aBUCUMOCTH OT 4mcia 00XOJI0B
CBETOBBIX BOJH IO PE30HATOPY Ja3epa B JAMHHAPHOM (@, 8) U TypOyJIEHTHOM (O,
2) pexuMax

Fig. 1.1. Experimental (a, b) and calculated (c, d) spatio-temporal intensity distri-
butions versus the number of round trips of the light waves in the laser cavity for
laminar (a, ¢) and turbulent (b, d) regimes
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