
WEDNESDAY AFI%RNOON / QELS 2,000 / 127 

QW116 



128 / QELS 2000 ,/ WEDNESDAY AfTERNOON 

.appliirc regenerative amplifier,” Opt. 
19, 18.5.5-1857 (1994). 

1’.L. I<ellcy, “Selc-Sociising of optical 
Imlils,” i’hys. RCV. Lett. 15, 1005-1 008 
( 1965). 
‘l’.-W, Yau, G I 1 .  Lee, J.  W m g ,  “Spatial- 
tcnrpoml f ie ld ilistribotion oSscll-fiicuscd 
lciiitosccoiiil pulses,” Ultuijis! i’lieiiii~ii.. 

ciin XI, ‘I. Elsacsser, I.(;. I’ujimnto, L1.A. 
Wicrsma, W. Zinth, eds., (Springer, Ikr-  
liii, 19981, pp. 106-108. 
Y.-Y. Ilwaog, Y . - K  Kuii, G11. I.ec, 1. 
Wang, ill Confir-eiicc o i l  Lasers ailcl  f l crru .  
Optics, Vnl, I 1  d l 9 9 7  OSA’~ec1inirolI)i- 
gesl Series (Optical Society (if America, 
Wasliinglon, lX,, 1997), paper (:Tu1’22. 

5. M.J.Weber, I).Milam,W.I.. Smith, “Noli- 
l inear  rciractive index of glasses and crys- 
tills,” Opt. ling. 17, 463-469 ( I  978). 

dcrs (:nllcgc I’iihlisliing, I’hiladelplii;i, 
19L)I), Sec. 3.4. 
/\.W. Snyder, l).J. Mitc l i c l l ,  L. I’oladian, 1;. 
L a c h i c u r ,  “SelS-induced opic,iI libers: 
sp;itinl solitary waves,” Opt. Lett. 16, 
21-23 (1991). 

2. 

3. 

4. 

7.  

QW117 

Raman gain saturation, pump depletion 
and two-photon absorption in pTS 
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Single crystals of the  polydiacctyleue, poly- 
[2,4-licxidiyoc- 1 ,(~-(lii)l-bis(p-tiiluencsulfiiri- 
atc)] (pTS) havebeen  studied i l l  t h e  near reso- 
m i i t  regime hy transient absorptinn 
spectroscopy. 1:igure 1 shows t h e  changes ob- 
served in tlic alisorptiim spectra iit short iiiiies 
surrouiidirig the arrival o i  t h e  726-nin 1;iser 
pulse. The cxpcrimeni is performed by iiioiii- 
toriiig tlic transmission oSa continuum priibc 
in the presence oia -- I-ps high intensity punip 
pulse. l’lic prnminciit negativc going penks iise 
duc to stiiiiolalcd l<amaii scattering arising 
from the  car l~~in-carbon double and triple 
hoiids dong tlic 1iiilymer backbone. l’hc broad 
iiiduicd absorpliiin is the result of popoliitioii 
lit a n  cxcitcrl stale priiduccd through two- 
photon cxcikitiiin. 

l ’hc piuiip intensity dcpciiclence of the fisst 
Kaman pcak has  bccii ~neasiued ii t 

QW117 Pig. 1. ‘ l la i is ie i i l  ahsorption spcctra 
oT;I S 7 - p i i - t l d ~  single cryst,il of p‘lS. ’ l ‘ l ic exci- 
lation w;ivclengtli is 726 11111 niid the intensity is 
5.5 GWI’lTl~. 

ilclay aiid is s h i i w ~ i  ill 1;ig. 2. ‘She solid line iii 
tlic figure is ii result if Sitting the d a t a  ti1 a 
iiiiidcl for 1l;inian gain in H strong two-pliiiton 
absorbing iniedium, described IicIow. 

S i m p l e  miideling OS the stiiiiukitcd l(aiiian 
gain cocSficient‘ predicts tliat t h e  sillall signal 
gain shoulil dcpeiid liiiearly O I I  [lie pnrnp i t i -  

tensity. (:learly the &ita deviates fr i ini  1inc;ir 
behavior hir the iiicasiireiiiciit r:inge. Succcss- 
fill iiiodeling i)( [ l i e  observed gain satiiratiiiii is 
;rcciiiuplishctl by taking intii account pump 
intensity attcnoation diic to two-yhiitiin ab- 
sorption. In ddi t imi ,  t h e  two-photon iiiiluccd 
population nbsr,rbs light a t  t l ic  Stokes wave- 
length. A viiliie o l 3 4 0  cml(;M’, measusei l  in- 
dependently by bot11 nonlinear transmissioi~~ 
and Z-SCBLL’ cxpcriments, was used lor t he  two- 
photon absiirptiiin ciicfficiclit. ‘l‘he fill1 model 
takes iirto account tlic gaussion spatid alii1 

temporal profiles cif both the p i n i p  and thc 
prolic and yields an  intensity dependent gain 
coefSicient OS 600 cni/(;W in t l ie presence of 
two-phiiton nbsi irpt i i in. 

T h e  systeiu n f  cqiiations used in tlie model 
are: 

where i is the p i imp intensity, 01 is t h e  h i c a r  
absorption cnclfiiient, cy2 is the two-phiitoil 
alxnrptiiin cocSSicicnt, S is tlie intciisily nf 
the continoum probc a t  tlic lki~iiui wiivc- 
length,,y i s  tlic lkiman gain, U,, a n d  ir,, iisc the 
ground state linear absorption coefficient 
;ind excited state absorptinn cross section at 
the I<aoian wavelc i ig th .  While these cqiiii- 

tiniis caii be solvcd iinalytically if css is s u l f i -  
c ien t lysmal l ,  I:&. 1 shiiws t h t  this is not the 
case. The fit in Pig. 2 is the result of niitiicri- 
c d  integratioii nftlie cqu;itinns using only s 
as an adjustahlc par;iincter. The obscrvcd 
satul-aiion in t h e  data is largely ;ittributablc 
to depletion n S  tlie piimp tliroogli two- 
pliotoi~ absorption. 

l h e  dat2 in Fig. 1 show tliat tlic iiiaxiiiiiiiii 

nf the Ikiiiian signal preicilcs that n f  the i l l -  

duccd ;ibsiirption. Figure 3 sliows the l i m e  de-. 
p”cnce  nf the twi  spect ra l  regions nlong 
will1 a c;ilculation based on the nindel dc- 
scribed aliiive. 110th the dala ;nid tlie iiiodel 

ycd :ippear;incc oi tlic induced 
12 twii-pliiitiin pro~liiccd pnpii- 

latinn coiitiiioes to growaficrtllc iiiaxiiiiiiiii n i  
the piiiiip liiser pii lsc and decays with the clxir- 
acteristic lifctiiiic‘ iifihc lowest excited state 01 
y‘IS. ’llie Ikiliian pulse csscntially Solliiws the 
time dependence CIS 11 csoss correlation o i  t he  
prunp ;ind prnbr pulse thnugh thcIc is s i h t l c  
evi i lcnce OS pulsr shaping due tu the excited 
state piipiikitiiiii, 

‘Ihe stitnulatcd gain coefficient cxtractcd 
Srcim tlic d;ita excecds tlinl iif ciiinninnly used 
gain iiicc1i;i’ Ijy at lcast an order d‘inagnitude. 
l i v e n  iii tlie presence o l  sigiiilicant piiiiip 

deplrtion through strong two-photon a l ~ s o q -  
Ixosption, raw gains US 

almost iiii iirdcr OS magn i tu i l c  arc nIisc~.vcd 
(see Pig. 1). l’akcn together these data suggest 
that Ihis cI.iss or polymcrs may have  prtimise 
fnr I(aiuiin laser iiiiil iliSSesentia1 amplificatiiiii 
applicatiiins, particularly at Iui igcr wave- 
leogtlis where tlic t~vii-pIiotiin ahsoqitiiin CO- 

ct‘ficieiit is smal l .  
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