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F m i i  t h e  Inaterial rcsoiimcc. For h, 
11111 aiid A,, = 200 11111, this leads to 'I 

(:alculatcd 'I'IIC energy translcr witli Tit 
cqiitil to and i i i i i c l i  shorter than the pulse dn- 
ration iiie shown in 1:ig. 2. IC the sign of the 
chirp is inverted, 1111: sigiial is inverted. I:lac- 
tiiinal cncrgy Ifiinsfer of 10 ' is expected with 
nauojoule-energy pulses i l  the response time 
eq1I"ls the ~ l l l l s c  parameter t,, ( 
S,istcr respoiiscs, tlic signal levels c 
matic;illy. k i r  TI, = 0.0l t , , ,  the magiiitudc is 
m r l y  IO ', Therefore, iiieasureiiiciit 01' 
Ironic Tiic: will not l i e  pnssiblc with r i  10-1s 
modcloc1;cd laser. Ilowever, it s l in r i ld  l i e  pos- 
sible with cavity-cluinpcd or amplified sources. 
Such an experiinent could lie perhirincd in 
niatcriiils i n  which l(;iiii;in scattering is Sorbid- 
den, to isolate [ l i e  electronic rcs1ioiisc. 
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1:ccciitly 1i.A. Maloiiicil t l icnret  i d l y  prcclictcd 
(lie existence oihouiid states iiisolitoiis ii i  t h e  
dissip.itivcl y per lu r l i cd  nonlinear Sclir~iilinger 
cquatiiin. He sliowcd tlint the intcraction or 
sliglilly nverLipping solitary piilscs in l l i c  sys- 
tem could lead tn the formation iifliiiund soli- 
tons with ii discrelc, fixed sepal-niion.' I t  is well 
known tllat t l ie dynamics o i a  passively mode- 
l i i i k c d  iibcr soliton laser cai i  be inodeled by the 
dissip;itivcly pcr tu r l ied  iioiiliiicar Scliriidingcr 
equation, priividctl that the  snlitiin pulse s l iap  
ing within mic round trip is snxill. The sai i ie 
cqilatiiin clesLribes snlitnii prop;igalion i i i  nl>- 
t i u l  Sibsrs. I Iowever, t i i  the best ~ i f ~ i n r  Imowl- 
cdge, so  far 110 bound solitons haw bceii d -  
served in thcsc systeins. I n  this t.iIk we reporl 
1111 tlic hrst cxpcriiiiental iibscrvation ~if l i~i i ind 
sriliton slates iii a y;issivcly mndc  loclwd fiber 

Multiple snlitoii nper;itioii is ;I generic fezi- 
tiire OS passively niode-liiclvxl l iber soliton 1;1- 
seis and has bccii rcpiirtecl by maiiy aiihors.L,' 
I lowevcc. tlie ol iservcd multiple solitniis arc 
cliiifiictcrid by  either hcing iar a\v;ly from 
ciicl i other separ,itcd so that tliesc is no inter- 
actinn lietwcwi them, or else they arc in c m i -  
s ~ m i t ,  r"1oiii iiiotinii. hi lact two cffects i n  
tilier siilitoii lasers prevent the loriixitioii nfthe 
predicted bound states. O n e  is the solitoil I<a- 
m m  crlccc. l'heoretically il l ias hceii showii 
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thai t l l c  existence d :I strong l<amall  crrcct 

destroys bowid s r i l i l o ~ i s : ~  Another cilcct i s  the 
fiiiidiiiii phase variaiimi l i e tween  solitons. 

wc have r~lund that in t l lc  case ci f  a f i lm  
soliton laser, the influence o f t l i e  I<;iiiiaii clfccl 
caii l i e  signiricaiitly rediiicd d i i e  to Inset gain 
dispcrsioii. I?aiidiini pli,isc viiriatioii nf soli- 
t o l i b  can also be conlrol led by using ii iiovel 
phase locking tccliniqiic involviiig a tunable 
civ Ii;ickgmiiiid Sicld. We have succeeded i n  
ihserving I W O  b i i u n c l  states of soliloiis with 
Cixcd soliton scparatinii in our laser. 1:igiirc I 
slioivs the solitoil spectra i i f t h c  bound states. 
Tlic s o l i t o n  pii lsc dul;ition in our laser is about 
480 Is, aod t h e  iiic>isiircd mlitun pulse scpar;i- 
tion [or oiic hiiund statc is ;ibout I I611 li, fiir 

the nlher m e  alinut 2280 Is. 1:xperimcntallywc 
Ihund that no iixi~tcr w h t  tlie cxpcriiiiciital 
conditions are, only tlicse IWO liiiiiiid states arc 
oliservcd ill our cxlierimenls. Tlic two o b  
scrvcd Iioiiiid states 1i:ivc t l i e  relation that t h e  
soliton scpiratiiiii iii one state is hdf of t h e  
othcr. 

In Fig. I the existence of the soliton l i i i i iod 
I Iiy the  presence nf intcrfer- 
c soliton scpiir;itinii can be 

nicasurcd either by the Sr 
using a direct auto-corr 
i i ieasurei i ic i i ts  ;igrcc wit1 
tiin scparaiioil W~IS the same at  iiinrc thau ~ I I C  

mc;isureii ient location arouiid [lie ring fiber 
I. ascl . . cavity. 

W e  note the very syiiiiiietrical siilitoii spec- 
iiodulations shown in Iig. 1, which sug- 
s~rongly that the pliasc dilicrcnccs l ie- 

iwccn the bound solitmis :ire T. The  nbscrvcd 
Iiiiund sta tcs arc very stable iil ou r  cxperimciit. 
Oncc llicy arc fiiriiicd, tlicy can remain there 
ior several Iioiirs evcii in a noisy enviniiuncnt. 
Trains ofbound states arc i i l so observed in our  
cxpcrimeiit, and it 'ryiis inund that all tlir 
Iioiuid states in ii Iraiii have the sallie soliton 
separation. 
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