Features of a double-resonance phenomenon: coherent self-
mode locking in a symmetric heterolaser of C class

By means of numerical modeling of the Maxwell-Bloch equations, we show that there is a new parametric
coherent mechanism of self-mode-locking in a CW superradiant laser with a low-Q distributed-feedback Fabry-
Perot cavity and an active medium in which the active-center polarization (optical dipole) lifetime exceeds the
photon lifetime in the cavity (a class C laser).

According to this mechanism, the intracavity soliton formation and, hence, a periodic lasing is possible without
using any mode-locking technique (passive or active) if there is a parametric resonance, i.e., two non-stationary,
broadband superradiant modes have the frequency spacing approximately two time greater than that of the
guasi-equidistant quasi-stationary modes.

Simultaneously (under specified parameters of the cavity, active medium andPumpin ) a lasing of more rarified
periodic train of coherent superradiant pulses is possible which makes the self-mode-locking quite stable under
the condition of a timing resonance when the ratio of periods in the superradiant-pulse and soliton-pulse trains
is an integer.

Thus, we predict superradiant lasing of two frequency combs with integer-fold spacings under the condition of
the double resonance when (i) the quasi-monochromatic modes have an intermode spacing two times less than
a frequency spacing between some discrete components of the two superradiant modes and (ii) the pulse-
repetition interval in the oscillogram of each superradiant mode is a multiple of the pulse-repetition cycle of the
self-mode-locked solitons, i.e., the cavity round-trip period.
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B cBepxuaayyatowmx rereponasepax knacca C ¢ HMU3KOAOOPOTHbIM KOMOWMHMPOBAHHBIM
pe3oHatopom Pabpu-Nepo ¢ pacnpepereHHOM 0O6paTHOM CBA3bIO BCTPEUHbIX BOAH BO3MOXEH
YHUKAAbHbIX PEXUM OAHOBPEMEHHOW reHepauuu KBas3unepuoAnYEeCKUX MOCAEAOBATEAbBHOCTEN
KOre€PEeHTHbIX UMMYAbLCOB PA3HOro TUNa, MMEKLLIMX CPaBHMMbIE CPEAHUE MOLLHOCTMU:

a) UMNYAbCOB CBEPXU3AYYEHUA U 6) COAUTOHOMOAOBHBIX UMIMYALCOB, 06Pa30BaHHbIX rPynnamu
CaMOCUHXPOHU30BaHHbIX KBa3ucTaUMOHaPHbIX MOA. Hamu nccaepoBaH cayvah CUMMETPUYHOTO
pes3oHatopa C ABYMSA CBEpPXM3AyYaTeAbHbIMWU MOAAMMW, Korpaa 1) MX pasHOCTb YacToT BABOE
NpeBbIAeT MEXMOAOBbIN MHTEPBAA Ha KPbIAbAX CMEKTpa (mapamMeTpuyeckuii pe30HaHC) U
BO3HWKAET KOrepeHTHas CUHXPOHM3AUMA YacTh MOA, 2) NMEepuos CAEAOBAHMA MMMYAbCOB
CBEPXU3AYUYEHUS KpaTeH BPEeMeHM 0Oxopa pes3oHaTopa CBETOM (BpeMEeHHOM PEe30HAaHC) W
CUHXPOHU3YETCA HaMBOAbLLIEE UNCAO KBA3UIKBUAMCTAHTHBIX MOA 0OEUX KPbIAbEB CNEKTPA.

Ha ocHOBe UMCAEHHOro pelleHusa ypaBHeHUM MakcBeAra-bAoxa B YyCAOBUAX yKa3aHHOIO
ABOMHOIo pe3oHaHca npoaHaAM3upoBaHbl AMHAMMUYECKUE CMEKTPbI U GOPMblI MMMNYALCOB ABYX
NOCAEAOBATEABHOCTEN, @ TAKXE MUX Pa3A0OXEHUE MO IMMUPUYECKMUM OPTOrOHaAbHbIM GYHKLUAM.
YCTaHOBAEHO, YTO UMEET MECTO B3aUMHOE GpasnmpoBaHUE U CUHXPOHU3ALMA MMMNYAbCOB 06eunx
MOCAEAOBATEABHOCTEM U HAAMUME ABYX KPATHbIX YaCTUUHO KOrepPeHTHbIX FPebEHOK chnekTpa
reHepauuu Aasepa (BpemMs KOrepeHTHOCTU AOCTUIaeT COTEH NEPUOAOB 0OX0Aa pe3oHaTopa).
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CBerM3I\y|-IaTeI\bHaf-I reHepauuva U CaMOCUHXPOHU3aLUUA MOA

KopoTkue UMMYAbCbl CBEPXU3AyUEHUS, UMes LUIMPOKUI CNEKTP U
KOrepeHTtHoO B3aMMOAeVICTByH, CUHXPOHUIYIOT KBa3UCTalMOHAPHbIE
UnpnupoBaHHble MOAbI Ha KPbIAbAX CMEKTPa, KOTOpble B CBOKO O4YepeAb
CTUMYAUPYIOT BbiCBEUYMBaHKWeE LIyroB CBEPXU3AYUYEHUA B NpoTMBOdase.
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AMNUpUUYECKUE OpToroHaAbHble PYHKLUU NPOCTPAHCTBEHHO-BPEMEHHOM 3BOAIOLIUU
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