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Absfraci

We have myvestgated the role of insiability-threshokl ( the sevond-threshold ) on the dmamical behavaor
al the Lorenz-Haken laser system . Here, we report theoreticl resulls of mstabilines leading 1o chaos al low
instability threshodd | oblained through vanation the laser system control parmmetas over a wide range of

laser operating conditions.
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Introduction

Instabalities play an important mole in a large
namber of Gelds for Example 10 hydrodymamaes,
ecology. ecomomyy, chemistry, bwlogy,  and
semuconductor  physics  [1-5]. Alse, In guamiam
aplical systems, such as lasers. a greal vamely of
instabilities can be found [6,7]. Compared 1o
hydrodymamics, the nonbiesr  eguations
least for simple  models, rther sample.
the myvestgation of  the msabilites o
easter b carry oul than in mest other Gelds.
The 1ype of msabilites m the dymmical syslems
depemds on the controdl  pammeters  amd  the
nonlinear dymumacs mosdel wed. In laser systems,
the m=abiliies chenge mamly wath  inoreasng
pamping strength. The vanaimwnms of other laser
operalmg  parameters are alse plavamg  importami
mes on Lhe dyvnamics  of the laser system OF these
parameters  are the asymmelry of  the mediam
gaun  profle and e mbomogeneoss  brosdenmg
which 1= introduced im0 the ongimal Lorene-Haken
cqualins | as additional parameters ) o produce
mewe pereralieed  eguatoms.  Homogeneously
brosdened smgle-mode lasers  are  well-kbnown 1o
exhabar  self-pulsing msiabibities  and  chaoiie
dymemmics under the combined conditions  of  large
ratme  of gam over losses amd low cavily quality
[B.9]. In F=ct, & two=level homogeneous |y broadened
single-musde laser I resomance | with a  symmelne
Lorenteian gain  profile §is reabistcally descmbed
by the classxcal Lomme-Haken moedel [9-11] which
has =erved as a prodotype model for myvestigaimg
instabilities and chaos m conbnueas  dynanucal
systems. However,  the comdiions kw observing

are, al
Therefiore,

laseas 1=

instabalities in such systems requare the bad-canaty
condition in  conjunction wath a gan conssderably
above (st | lasang ) threshold, thes making e
expermmeenial realization of this unfeasible for mos
lasers. The above mentioned requirements For e
ol Lorenz-Haken mnsiabality phenomenson
have been realived ondy in @ very few laser systoms
aof high gaims and memew Imewiadibs, satsfoang
the bad-cavaty condition The wdeal cindudates of
theese lasers are the optically pumped mod  amd  far
infrared laser systens | MIE amd FIR lasers ) [12-
14]. The single —mode semiconductor bser 15 also a
pood example that achieves the condition For e
oplical mstabilities and can easily exhibat daiforent
Iypes of dynamic ingability | such as pulsaiions and
chaotic behaviors ) &l low exalatxon power [5].

The bad-crvity condition was crgmally denved
by Korobkin and Uspenskin [15] and ot implies  tha
the clectne field relaxation mte ( E ) 1= more
stromgly than the sum of the polanzmion relaxation
rale |y, ) amd the population inversion relaxation
e | Yo ) de, K=y e [ orin the
presenl paper, o = b+ 1 b In conlmst o the basio:
model of hormo gemeously broasdensed  lasers.,
the smgle-mode  insgabiliises  are reaheed  wath
relalive ease n an  mbhomogeneowsly  brosdened
syslemn althowgh the omsel of ansiabalities  sull
regquares a bad vty bul wath rales conssderably
reduced lo those neoded for the comesponding
homepeneous case. As o resull of thas satuation, 18 =
foursd that, the threshold for the chsavation of the
pulsing imstabahities and dhaos | or the scond-
thereshold b oin the inhomoegeneoasly




