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[MPUTOTOBJIEHUE CXXATbIX CIIMHOBBIX COCTOSHUI ATOMOB
JUI4 CYBKBAHTOBQVI UHTEP®EPOMETPUU

I.&d.I'pom, AM.Kysbmuy
Hucmumym sadepibix npobaem npu benopycckom ocydapciméeHHoM ynugepcumente
220080, Munck, benapych

Hoctynuna 8 penakumio 20 anpens 1995 r.

TIpennoxkeH METOJ CO3AABMS CKATBIX CNMHOBBIX COCTOS{IMI ATOMOB, NO3BOJISIOUINX
NPOBOANTL  MHTEPGEPOMETPUICCKME MIMEPEHUS € HUMH C TOYHOCTbIO, NPEBLUNAIOWIEN
CTAHAAPTHBIA KBAHTOBLIMA HNPENCIL.

[TpucranbHOE BHMMAHME, NPHBICKAEMOE CXAaTHIMUM cocTosHugMu ceera (I, 2], oby-
CJIOBJICHO, IJIaBHbIM OGPa30M, BO3MOXKHOCTBIO NMPOBOAWTB C MX TMOMOLIbIO MHTEpde-
POMETPHYECKME H3MEPEHHS € TOYHOCTHIO, MPEBHIIAKLICH CTAHAAPTHHINA KBAHTOBBIN
npenen ¢ ~ 1//N, rae N ~ uuc/io (hOTOHOB, YUACTBYIOMUX B H3MEPEHUM [3]. Kak
nokas3ano B {3,4], HaWIyullas 4yBCTBUTEJIbHOCTh, MOJYUCHHAS C MOMOIIRIO CXATHIX
COCTOSHMHA cBeTa, pocturaer é¢ ~ 1/N. MOpke mpomemoncrpuposan [3], uro cocTo-
SIHUS, YBEJIMUMBAIOWIME YyBCTBMTEJIBHOCTD MHTCPGMEPOMCTPHUCCKMX M3MEpEHMI 1o
6¢ ~ 1/N, cymecTBylOT HE TOABKO Hsisi G030HOB (POTOHOB), HO M AN (DEPMHOHOB.
Taxue COCTOSHMS HOMyuMIM HA3BaHME CXKaTHIX COMHOBHIX coctosHmit (CCC) [6].
Kurarasa n Yena npeanoxwunm peuent reHepaunn CCC gnsa sapaxennvix dhepMn-
OHOB, OCHOBAHHbLIM HA WCIONB30BAHMM KYJOHOBCKOIO B3AWMOACHCTBHMA MEXIY HHUMM
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{7]. B To X BpCMs, HCCMOTPST Ld COAMILOH UMHTEPEC, Hbi3bIBACMBIA B IOCJACIHHC
rogel atoMHoi MHTCpdepomerpucii, cnocod cosmanus CCC mia aromos (kak ans
6030HOB, TaK M A1 (GEPMUOHOB) A0 CMX NOp He Hadaed. [auHas pabora moces-
L{CHA PEHICHWIO 3TOM 3apauu. [IlpeparaeMsifi HaMu PEHENT reHEpPaluM OCHOBAH
HA TOTJIOIICHHM aTOMAaMH, HAXONSUWIMMHUCA B KOTCPEHTHOM CITMHOBOM COCTOSIHHH,
TO €CTh KOrJa CIMHLI BCEX AaTOMOB OPUCHTHPOBAHBI B ORHOM HANpPABJICHWUH, ABYX
OPTOTOHAMBHO MOJIPUZOBAHHBIX MOA ICKTPOMATHUTHOIO nOAd, ONHA U3 KOTOPHIX
HAXOOUTCS B KOTEPEHTHOM COCTOSIHMM, a APYras B COCTOAHMH CXATOro BaKyyma.
[Tpu 2romM morsotuBmMe (POTOHBI M NEpPEUIETUINE B BO3OYXIEHHHIE COCTOSHUSA aTO-
Mol Gynyr wHaxomurees B8 CCC. Mwut paccmorpum wHaubGosice npospauMblil Crryuai
aTOMOB-(bepPMHOHOB €O CriUHOM 1/2 B OCHOBHOM H BO30YXIECHHOM COCTOSHMSIX.

PaccmoTpuM  crenyoimylo  CHTyaudio: B PE30HATOD ¢ [OBYMS OpPTOrOHAJb-
HO MNONSPU3OBAHHBIMU MOHAMHM SMCKTPOMATHUTHOrO Tond | @ 2 pnomemeHst N-
OBYXYPDOBHEBBIX ATOMOB C TOJHBIM cnuHOM F = 1/2 B ocHoBHOM m F¢ =1/2 B
BO30yXaeHHOM cocTosuusx. Ilycte Moma | JmMHeHHO noaspu3oBaHa mO ocH X,
Moga 2 - mo ocu Y. 33 och KBAHTOBAHMA Z MBI BHIOpAaM HANPaBICHHE OCH
pe3oHaTOpa. DTH MOABI OIMUCHIBAIOTCH OMCPATOPAMM a;, <;7 ¢ KOMMYTALHMOHH: |
COOTHOLICHUSIMH

[a;,aj+]=6,~j, [a,i,a.j]=0, ’i,j=1,2. (l)

Ham Gymer ynoOHO BBEeCTH JMHEHHBIC KOMOMHALMH ONEPATOPOB a;, at;, COOTBET-
CTBYIOIIME LMPKYJSPHO TOJSPU3OBAHHEIM (POTOHaM: c¢gz = 715(a1:i:ia2). Jlerxo
MPOBEPHUTh, YTO KOMMYTALUMOHHBIC COOTHOHIEHHS (1) ocTaroTCd CHOpaBemTMBBIMA.
ITpasuna orfopa nMo MPOEKUMH YTIOBOTO MOMEHTA TIPUBOAST K CXEME MEPEXOAOB,
n3obpaxcuuoit Ha puc. 1. Kak sugnum, 4-yposHewas cucTeMa (aKTHUECKH TIpel-
CTaBJSCTCS B BHAE NBYX HE3ABMCHMBIX JIBYXYDOBHEBHIX cHCTEM. CHCTEMy ypOBHEH
1, 4 Me Gymem oGo3HauaTe uHaekcoM L, a yposHeit 2, 3 - uHgekcom R. Ilycrts
BCE ATOMBI 3aKJIOUEHB B 00BEM C pazMEpaMM, MAJILIMH 10 CPABHEHHMIO C AIMHOMN
BOJIHBI 2siekTpoMaruuraoro nons. Torma omnepartopsi

1 1
R _ _ L_ _
F=3 ,-“3><3| 12><2)), F 2§,~:(|4><4| [ 1>< 1)),

FE=Y"13><2]|, Fy=Y)l4><1], (2)

13

FE=3"12><3], FE=3"11>< 4]

HOJTHOCTHIO OMUCHIBAIOT JAHHBIA HaGOp aToMoB. ['aMHJIBTOHMAH CHCTEMBI ”aTOMBL +
OBEe MOABI MOJS” MOXET OBITh NMPEACTABJIEH B CACAYIOIIEM BHAE:

H =hw(cher + ctep) + hwo(FR + FL) + Hy. 3)

FamunsroHNMaH B3aUMOJECHUCTBHS ATOMOB C TMOJIEM B npn6}m>xemm Bpamalomeﬁcsl
BOJIHBI €CTh

Hi=—hg(Ffcp + h.c) — hg(FEep + hoc). (4)
3necp g — KOHCTAaHTa B3aMMOACHCTBHMA., YPaBHECHMS ABMXKEHHS B CJAYYAE w = wq
MMEIOT CJIERYIOIUA BHUA B CHCTEME KOOPAMHAT, BPA3INAOLIEHCI C YaCTOTOM w:
drit
dt

dCR,L _

dt = —2igcg, L FM7, (3)

igF®E,
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YPABHCHUEC QA4 Fi{'L NOJTY HaCTCH M3 MNOCJACAHEIO ypasHCHHA KCMJICKCHDBIM  COTIPS-
XeHMCM. MBl 6yaeM paccMaTpHBaTh CAYUAil, KOrjd uMcao aTtomMos N Muoro Gosbine
CPCAHEro YUC/Id (POTOHOB:

N >»<ny+ng > (6)

(MOXHO TOKa3aTh, YTO 3TO YCJAOBHEC SBJISICTCS HCOOXOAMMBbIM 1/1S TIOMYUCHMSI BO3-
6yxaeunpix atomos B CCC). YpasHeHus (5) UMCIOT clieaylollee peHleHHue:

.~R,L
cr.1(t) = cr.1(0) cos(gy/ 2FF (0)2) + M)—Ff'L(O) sin(gy/2FE(0)),

2F55(0)
FRL(t) = FI2(0) cos(g4/2FF 7 (0)t) + 21'&%2_)_—_@%0) sin(gy/ 2FFE(0)¢). (7)
2FFE(0)

BeeneM onepatop ChnmHa BO3OYyXHEHHBX atomoB F°:

1
¢ Ff= 3 (|3><4|+|4><3l)
f§=72(|3><4|"|4><3|) (8)

T

1
e
Fi=5 (|3><3|-|4><4I)
HerpyaHo mnokasaTh, uYTO IpH BBINOJHCHHH YCJIOBHS (6), korna Oonpias yacThb
dTOMOB OCTACTCA B OCHOBHOM COCTOAHHH, m{Tepeconume HAaC TIOMICPCUHBIC KOMTIIO-
HEHTHBI onepaTopa ClMIMHa A4aToOMOB B BerHEM COCTOAHHUU MOl"yT 6bITI> 3aMNUCAHBI B
CJICIlyIOHleM BHIOC:

.1 e o Tt
F;= —(FEFL + FLFR), Fj = (F{FZ-FgFD). - (9)

Ananus YYBCTBUTC/JIbBHOCTH M3MCPCHHMA yr/id MOBOPOTA CIHHA L AACT CICAYIOLIYHO

dopmyny mns vee [4-6): ’
sp= V(AR (10)
< Fp>
[Tycte B MoMmeHT BpemeHM ¢ =0 BCC aTOMbl HAXOAATCA B OCHOBHOM COCTOSHHM CO
CNUHAMH, EANPABJICHHBIMH TO OCH X, MOIa 1 HAXOAUTCSI B KOTCPCHTHOM COCTOSTHHH

| @ >;, a moma 2 — B coctosHuM cxartoro BakyyMma | 0,7 >;= S;(n) | 0 >,
Bosmnca}omem npu uencmnn Ha BAKYyMHOE COCTOSHME orepartopa cxatus Si(n) =
exp(1/2n*a? — 1/2naf?), a,n - Npou3BONbHBIE KOMIUIEKCHBIE uMC/ia. BoibepeM o u

n neﬁCTBnTeanHMn n=—r, 7> 0 - cTeneHb CXaTnd. DJUMICH HEONPEAECJICHHOCTH
st obemx Mox nosia m3oOpaxenst Ha puc.2. Tenmepb HETPYAHO HANWTH C IOMOINbIO

dopmyna (7), (9) u (10) , uro B MOMEHTH BpEMEHM t;, TAKHUE UTO ¢ < \/ZF,R’L(O) >
ti=w/2+ 7k, tne k=0,1,2,..., umeeM < F, >=n/2 u (AF,)?= lnexp( 2r) n

5¢=e”p_(_r_)_ (11)



JlaHHBIH pe3yJbTAT BEChMA MNpPO3PAUCH @ YUCJIO BO30YXKACHHHEIX ATOMOB paBHAET-
Cd UMCYy TEPBOHAYAIBHO NPHCYTCTBOBABMMX (OTOHOB n, a caxkrop exp(—r) B
TOYHOCTM COBNAJAET C AHAJOTMYHBIM KOI(D(PUAUMCHTOM YBCIMUEHHS UyBCTBHTEIb-
HOCTH (DOTOHHOW wHTCpdepoMCTPUM.  3aMETHM, UTO HMMEHHO paccMaTpuUBacMas
KOH(MUTYypauus 3MEKTPOMArHATHOTO TIOJAS OOECIEUMBAET TPCOAOJIEHHE CTAHAAPTHOIO
KBAHTOBOIO TpEHC/A MOrPeIIHOCTH H3MEpeHnd Halera ¢aspl B MOJSPU3AIMOHHOM
cscroBoM wmHTEepdepomerpe [8]. Aromsl, maxopuBmmecs B CCC BHM3y, mnpu mo-
raonLeHuM  (DOTOHOB TNPUOOPETAOT TIPUCYTCTBOBABIIME MEXIY HHAMH KODPPETIIAH,
9TO U SBJSETCS NPUUMHOW NOBBIIICHUS UYBCTBHUTCABHOCTH HHTEP(EPOMETPHUECKNX
N3MCPEHUM ¢ RaHHBIMM ATOMAMH.

m'=+E7 m, =~

Puc.1 Puc.2

Puc.l. Cxema F =1/2 - F¢=1/2 nepexona, R(L) cOOTBETCTBYeT IpaBo(J1eB0) HONSPHIOBAHHOMY
CBETY
Puc.2. Daunchl HEONPERENEHHOCTH i Mof noas 1 v 2

Haubosee moaxomsiuMMu Ajag Hamux wenei smasorcs M1- u E2- nepexonsr,
NOCKONbKY B 3TOM CJAyude BpEMsl XM3HH aroMa B BO30YXIEHHOM COCTOSHMH T,
ONpEACASMOE CHOHTAHHBIM HM3nyueHumeM ~ 1073 —10-2 ¢. 3a 310 BpemMs aToMsl CO
CKOpocThIO v ~ 5-10* cM/c mponerar paccroaune B 0,5 - § M, yero B GonbIUHCTBE
Cy4yaes BIIOJHE NOCTATOYHO IS 3amay aroMHoi uHTepdepomerpun. B 1O Xe Bpe-
Ma ans mepexopa El-tuna 7 Bcero smub ~ 107 ¢. Atom 2°7Pb ¢ MIl-nepexonom
3Py, F=1/2 — 3Py, F¢=1/2 yactotl wp =~ 2,35 - 10 'y siBaseTca MOXXOMSLIAM
ana cosganus CCC aromos. Tlocne mpouemypsl NPUTOTOBJIEHUS HEOOXOOMMO OTHE-
JUTh BO30YXZEHHBIC ATOMBI OT ATOMOB B OCHOBHOM COCTOSIHUM JTIOOBIM CIOCOGOM
KBAHTOBOTO HEPA3pPyWAIOWEro M3MEPeHUs aTOMHOrO YPOBHS (HAampuMEp, ONMHCAHHBIM
B [9]). JaHHBI BSJEMEHT, OXHAKO HE HBJISCTCS HEOOXONMMBIM, MOCKOJBKY MOXHO
HaNpaBaaTh B WHTCPQEPOMETP BCE aTOMbl, MPOM3BONS CEJCKIMIO MO YPOBHIO HA
KOHEUHOM CTagMM RETEKTHPOBAHUS aTOMOB.*
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We study a phase-gradient mechanism of a pulse compression in the Kerr-iens
mode locking laser systems that can be described by the complex Ginzburg-Landau
eyuntion. We have found that a pulse collapse occurs 1n a defocusing gain medium
contrary to the collapse arrest in a focusing active media.

1. The self-focusing of a powerful light beam propagating through a nonlinear
Kerr medium is a classical example of the wave collapse in a distributed Hamiltoni-
an system (see for a review [l] and references theréin). The possibility of collapse
{or, sometimes, it is called blow-up) in such systems significantly depends on the
problem dimension. By contrast the singularity formation in a finite time due teo
nonconservative mechanisms demonstrates rather different behavior. First of all, the
collapse in this case depends slightly on the dimensionality factor and therefore for
its study it is enough to consider low-dimensional systems. In the present paper
we treat this problem for the one-dimensional complex Ginzdurg—Landau (GL)
equation when the nonlinearity does not saturate linear exponential growth but, on
the contrary, leads to the explosive growth of the amplitude for the homogeneous
states. Such situation, in particular, is found in Rayleigh-Benard convection in
binary mixtures [2-4] and in laser mode-locking laser systems [5-8]. In spite of
the existence of such tendency for the homogeneous generation, the pulse onset
and its dynamics, as we shall show, represent a resuit of a specific interference of
the Hamiltonian and non-Hamiltonian terms, that is a phase-gradient mechanism.
This mechanism was suggested at first in Refs. [3, 4] for the explanation of the
observed dynamics of coherent structures in convection of binary mixtures.

In this Letter we study a pulse compression due to the phase-gradient mech-
anism in passively mode-locking laser systems. We demonstrate that a collapse
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