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AaHOTan M

Ha ocmose mosykmaccudeckoil Teopun B3anMOIEHCTBHS JIa3ePHOTO M3IYUeHUs C XOIOI-
HBIM ATOMAPHBIM 00IaKOM IIOKA3aHO, 9TO B YCIOBHSX TPEXKPATHOTO BBIPOXKIEHUS OCHOBHOTO
yPpOBHS A -CXeMBI B TIPUCY TCTBUX YITPABJISIONIEH BOTHEI JJTsI IBYX CBETOBBIX MMITYJIHCOB PA3JIAT-
HOII nonspu3aruu 1 (GopMbl peann3yorcs 3G GEKTH 3IeK TPOMATrHUTHO-HH/TY IXPOBAHHOM IIPO-
3PAYHOCTH U 3HAYUTEIHHOTO COKPAIIEHNS T'PYIIOBLIX CKOPOCTeH MMIY/IbcoB. [IpomemoncTpu-
pOBAHO WX COBMECTHOE BOCITPOM3BeJleHMe TPU MOBTOPHOM BKJIIOYEHUM YIIPABJISIONIETO CBETa
ocyie TeMHOU Iay3bl.

KiroueBble ciioBa: 3/IeKTPOMArHUTHO-HHIYIIMPOBAHHAA ITPO3PAYHOCTD, BBIPOXKICHUE
YPOBHS, CJIOKHBIE UMITYIBCHI PA3JINIHON TOISPU3aIIN, BOCITPOU3BEIeHIe NMITYIhCOB.

1. IlocraHoBka 3agaun

B Teopun abdekToB, CBAZAHHBIX € IEKTPOMATHATHO-UHAYIIHPOBAHHON TTPO3PATHO-
crbio (DUII) [1], ocHOBHOIT U craBImel y¥Ke «KJIACCHUECKON» SIBIISETCS TPEXYPOBHEBAs
A-cxema ¢ IByMsI HEBBIPOXKIEHHBIMU HUKHUME ypoBHsMU [7, . Benen 3a ynpasis-
oM (MHAYE — CBA3BIBAIOLIMM ) JIJTUTEIbHBIM UMITYJIbCOM HA 9aCTOTE W, = Wo1 BBOIUT-
cs1 6ostee CTabBIil UMITYIILC APYTON TIOTAPU3AINN C HECYTIel TacToToll wy = wsi. Toraa
B pe3ysbTare AeCTPYKTHBHOW WHTEP(EPEHIINN aMTIINTY/L BEPOSTHOCTH BBIHY K IEHHBIX
Mepexo0B CPeia OKA3hIBAETCS MOYUTH MPO3PATHOM /1JTsT TPOOHOTO MMITYJIbCA, XOTST dIEK-
TpoaunobHbIHA nepexox (1 — 3) xopormio pasperien. I'pynmnoBas ckopocTb TpoGHOrO
HMITY/IBCA MOXKeT OBITh IPH 9TOM KCTpeMasbHo Maoil (1o 17 m/c [2]). urepnpera-
1usl Pe3yJIbTaToB B [2, 3| U B pajie APYruX SKCIEPUMEHTOB, B KOTOPbIX HUXKHUN yPOBEHD
UCIIBITHIBAJ 36EMAaHOBCKOE pacIIerienne B Marautaom mose ( By # Es ), He BhI3BIBAIA
COMHEHWIA.

B paGore [4] maruuTHOE 1OJIE HE NPUMEHSIOCH, BHIPOXK/ICHUE HUKHErO YPOBHS 110
[MPOEKIMH [OJHOTO yTJIOBONO MOMEHTA COXPAHSIOCH. JIMHAMUKA B3AaUMOJICHCTBUS CH-
CTeMbl C MHTEHCUBHON YIPAaBJIAIONIENl BOJHON MPU 3TOM BKJ/IIOYAIA ONTUYECKYIO OpU-
enTaruio. B auTeparype ObIIM BBICKA3aHbI COMHEHUsT OTHOCHTENIHHO MPUMEHUMOCTH B
JIAHHOM CJIyYae OCHOBHBIX HJIeH, CBSI3aHHBIX C IMHAMUKOMN cTaHmapTHOi A-cxeMbr [5-8].
Mpbr He 00CysKIaeM 3/1eCh KpUTHYECKHEe 3aMedannst aBTopos [5, 6] OTHOCHTEThHO «OcTa-
HOBKH CBETa», C KOTOPBIMU MOJHOCTHIO cornacHbl [7]. B crarbax [9, 10] ycraHoBena
BO3MOXKHOCTE peanuzaiuu IUIT u ee ucnonb3oBaHus st yIPABIEHUS CBETOBBIMU M-
MyJIHCAMU TIPYU HATTUYIHH BHIPOYKIEHUST YPOBHEH U CIOXKHOM CTPYKTYPBHI ATOMHBIX COCTOSI-
muif. 1o BXOKIEHWS B CpeLy MpOoOHOTO MMITYIHCA TPONCXO/INT TTePe3aceseHIe COCTOSTHIH
(onruueckas opuentaiys). Kak ciencrsue, HAGIIOMASTCA YACTUYHAS WA TTOJHASA TPO-
3PAYHOCTD Tl CBSI3BIBAIOIIEH BOTHBI. HACBIEHE MOTTIOIIEHNsI, PA3yMeeTcs, He UMeeT
[PSIMOTO OTHOIIEHUS K PATUKATHLHOMY U3MEHEHHUIO MPYIoBoii ckopoctr. Ho oHo He mpe-
OATCTBYET Jiajee oCHOBHBIM 3addekram, cesa3amubiM ¢ DUIIL. Tlocnenyromiee BXOXK 1e-
HHe MPOOHOTO UMTIYIIHCA COTTPOBOYKIAETCS IHEPTOOOMEHOM €ro W CBI3BIBAIONIEH BOTHBI.
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Puc. 1. PaccmarpuBaembre ypOBHU U TIEPEXO/IbI

Pacnipocrpanenne mpoOGHOTO UMITY/IHCA, TTPU OMTUMAIBHBIX YCIOBUSIX XAPAKTEPU3YETCsT
BECHMa MaJIOl TPYMIOBO CKOPOCTHIO (KaK M B SKCIEPUMEHTAX MPU PEATU3AINU CTAH-
JApTHON A-CXeMbl C HEBBIPOXKJICHHBIME yPOBHAMHU). IIpU BBIKJIIOYEHUN CBA3BIBAIOIIEH
BOJIHBI TIOJTE€ TTPOOHOTO UMITY/IBCA OBICTPO UCYE3aeT BO BCEil CPeie, 9To eIle pa3 MOATBep-
KIAEeT HECOCTOATETLHOCTD JeKIapalinii 00 «OCTaHOBKe cBeTay. Pacuersl ybeauTeanHo
MOATBEPIKIAIOT, UTO B TEUEHWE TEMHON TTay3hl COXPAHAETCA aTOMHAs KOT€PEHTHOCTh —
CyTIEPITO3UIINS COCTOSTHMI, COOTBETCTBYIOMINX HUKHEMY ypoBHIO. [loBTOpHOE BKIIIOUE-
HUE CBSI3BIBAOIEH BOJTHBI TPUBOAUT K (POPMUPOBAHUIO UMITYIHCA, CXOTHOTO C TTPOOHBIM
Ha BXOJIE.

B macrosmeit crarbe mpeacTaBiIeHbl PE3yIbTATHI PEIeHns YCI0XKHEHHON 3a/1a9u —
BOCTIPOM3BEICHNE TTOCTE TEMHON Tay3bl UMITYILCOB PA3JIUYHON Moagpu3annn. B cBa3n
C 9TUM paccMaTpuBaercs cxema (puc. 1), COOTBETCTBYIOIIAA OJHON U3 TAp YPOBHEH,
OTBETCTBEHHBLIX 34 CBEPXTOHKYIO CTPYKTYPY Ds-mumunm marpusa: 325 2, FF =1«
32P3/5, F =0 [11, 12|. Ha puc. 1 BO3MOXKHOE 3€eMAHOBCKOE PACIIEILICHAE HUKHETO
YPOBHS MOKA3aHO JIUIIb [/ HANTISTHOCTH.

ViupaBadonuit UMIyJIbC HAXOAWTCA B TOYHOM PE30HAHCE C 9acTOTON ITEePexoia,
y KayKIOrO M3 MPOOHBIX UMITYJILCOB B TOYHOM PE30HAHCE WMEETCS HECYIas TacTOTa.
[TepBbiit TPOOHBINH UMITYJILC — MPABOI MUPKYISIPHON TOJSPU3AINNA, OH WHIYIIUPYET TIe-
pexonbl 1 < 4, BTOPOil UMITY/IbC — JIEBOU IUPKYISAPHON MOTAPUIAIUNA — UHIYIIUPYET
nepexobl 3 < 4. Bajada pemraercsa B paMKax MOJTYKIACCHYECKOTO MOIXOIA TPU UC-
[0JIb30BAHUY PE3OHAHCHOTO IIPUOJIMKEHUS U IPUOJIUKEHUS MEJIJIEHHBIX aMILTUTY I (Kak
B paborax [7, 9, 10, 13]).

Ucxonnas cucrema ypasuenniit Makcsesia — Boxa nmeer Bu

1

p11 = —ipy Vp1 +ipa Vpl + 3

P44,

. ) _ L1
P22 = —ipipVe+ippVe + 3P

P33 = —ipy3Vpa +ipa3Vpy + 3P4

Pas = 1p V1 —ipaVpl +ipiaVe —ipaaVe +ipisVps —ipasVps — paa,
p21 = ips V" —ippVpr,

p31 = —ipysVp1 +ipaVps,

P32 = —ipysV e+ ips2Vps,

. . . . 1
pa1 = ipaVe+i(pi1 — paa)Vpr +ip31 Vs — SPat,

) - . . 1
paz = ipy VL +ilpaz — paa)Ve+ips2Vp2 — 5 paz,

P43 = ’Lp32VC + ’L(p33 - P44)Vp2 + Zp31Vp2 — §p43
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dya Ee(z,t [
Ve(a,t) = —i dipEelw,t) + iB/p42 dx, (2)
h’74
0
dyy Ep, (,t [
Vpi(z,t) = —i durEpy (. ) +iB/p41 da, (3)
FL’Y4
0
daz Epy(z,t [
Vpo(z,t) = —i disBpy(@.t) | / paz da. (4)
hirva
0
B mamnoMm pacuere mpuHSATO
dyaEc(z,t
Q, = daaEc(z, ) = 0.9, (5)
hirva
d41Eo d43Eo
0 = = =0.1 6
pl,p2 574 FL’74 9 ( )
41 No d?
B=2T0% 4, 7
hiya ()

Cucrema ypasuenuii (1)—(4) mo3Bosisier caMoCOrIaCOBAHHO YUYUTHIBATE MOJIE BTOPUY-
HOTO U3JIyYEHUs, ONPEIEIAEMOTO TOMIIPU30BAHHOCTLIO cpebl. B ypasuenusx (1) kom-
CTAHTBI MTPOJOIBHOM M ONEPETHON PETAKCAIIAN, & TaKKe 9acT OThl Pabu mpeacraBierst
B equHHTAX 4. OOpaTHOE BpeMs JKU3HH Y4 COCTOSHHA 32P; /2, F' =0 (cocrosuue 4
na puc. 1) 610 ompesiesieno 1o gaubiM u3 [2, 11, 12, 14] kaxk 74 = 2.5-10% ¢~1. B
ypasuernmn (7) No = 107 em~2 — xomnenrpamms, d = dy; = dyo = dy3 — IUTIOTBHBIE
MOMEHTBI TIEPEXOI0R.

B cpemy XonmomHBIX ATOMOB HATPHUS BXOIAT yIPABIAOIIAS KBASHMOHOXPOMATHIE-
CKas BOJIHA JTMHEHHONW MOMSAPU3AIMA W TO3/IHEe 1Ba NPOOHBIX MMITYJIhCA, DOJee Cira-
ObIX, TUPKYIAPHO MOJSAPHU30BAHHBIX B MPOTHBONONIOKHBIX HAIPABICHAAX, PA3TAIHBIX
mo (opme — rayccos u AByropObIii. Orudarorue Ha BXOIE B CPEIy MEPBOTO U BTOPOTO
MPOGHOTO WMITYJIHCOB TTPEICTABICHBI CICAYIOMNAMIA BHIPAKCHAAMMU:

Ep,(0,t) = E, exp <ﬁ) , (8)

2. JluueitHoe mpubaNKeHUEe

Uckmrouns onun u3 NpoOHBIX IMIYTLCOB (Hampumep, Vpo) u3 ypasHennii (1), 3a-
MEHUB JAPYrOd MMOYIbC (Vpl) MOHOXPOMATUYECKON BOJIHOU IIPOU3BOJIbHON YaCTOTbHL
(w) ¥ JONOJHUB ypaBHEHUE JIJIsT COOTBETCTBYIONIErO HEAUATOHAILHOTO 3JIEMEHTa, MaT-
PHIIBI TJIOTHOCTH (p41) CIArAEMBIM C OTCTPOHKON OT pe3oHanca A = w — wyy, Haii-
JIeM CTIEKTPAJIBHYIO 3aBUCUMOCTL (DYHKIUH JIMHEHHOTO OTKJINKA, aTOMAapHON CpeInl B
IPUCYTCTBUU YCJIOBHO (DUKCUPOBAHHOMN ylpaBJigiomeii Boanbl (cM., Hanpumep, [1, 13]).
PesynpraTor ama mokasaremneil mormomeHns (341 = (343 W TOKa3aTesed MPeToMICHIUsT
N41 = M43 TPEJCTABIEHBI CIEIYONAMA BHIPAKEHUSMU:

Lo
Ba1 = Paz = T (10)
(92— A2+ 17
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Puc. 2. 1 — ciekTprI MPOGHEIX MMITYILCOR: cteBa |Fy10|?/15, crpasa |Fpa,0]?/30; 2 — mokasa-
resb nornouienus F(A); 3 — pe3oHaHCHast YacTh HOKazaTens npenomaenus n(A)
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Puc. 3. IHTeHCHBHOCTH WMITY/ILCOB Ha BXOJe W BBIXOJe w3 obpasra. CrionrHast JUHUS 10
TEeMHOI Tay3bl — 1-if mpoGHBIT MMIyILC Ha BxOme B obpaser [,1 (4,0), To ke mocme TemMHOl
may3bl — HAa BBIXOJE; MTPUX-IIyHKTUPHAS JTUHNASA T0 TEMHOMN may3bl — 2-if mpoOHBII Ha BXO/E B
obpaser 2 (t,0), To e moCIe TEMHO TTAy3bI — HA BRIXO/IE; Iy HK TUPHAS TAHAS — YTIPAB/ISIONTAS
BOJIHA HA BBIXOJE U3 00pa3ma lcout(f, xmax)

Lpa@z - a2
2 (11)

(Q2— A2)2 4 %AQ

Ng1 = Ny3 =

U Ha puc. 2.
Ha pucymke mpemcraBieHbl Takxke Gypbe-00pa3sl 000uX MTPOOHBIX UMITYIHCOB. Pac-

YeT TpyTOBOi CKOPOCTH 0OOWX WMITYJIHCOB TMOKA3BIBAET, UTO MPOOHKI CBET MPOXOINT
Yepe3 Cpely co CKOpOCThio mopsinka 16 m/c. Yacrnunoe nermonazanve dypbe-obpasa
BTOPOr0O TPOOHOrO UMITYJILCA B OKHO MPO3PAYHOCTH ONPEENsieT XapaKTep ero MOryo-
[IEHUs U YIIMPEHUs [IPU pacupocTpaHeHuu depes cpeiy (puc. 3, 6).
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Puc. 8. HeimaroHayibHBIN 97IEMEHT MATPUIILL IIOTHOCTH p32(t, X)

3. PeByJ'IbTaTbI " aHaJINn3 YUCJIEHHOTO penieHmud

Paccmorpum sBosonuo umiryibcoB B cpeze (puc. 3). B HayanbHblii MOMEHT Bpeme-
HIU aTOMBI OJMHAKOBO pacrpenenedsl mo cocrogauam Vi, Wy u W3, B cpemy Bxomur
YOPABJISIONAs BOJHA. B OTCYyTCTBUE MPOOHBIX WMITYJIHLCOB MPOUCXOAUT D DEKTUBHOE
repesacesienie aToMoB u3 cocrostuust Wo B cocrosiumst Wy u W3 (em. pue. 1). Ta-
KUM 00pa3oM, K MOMeHTy Bpemenu 250 [+, 1] cpefia JI yIPaBJIAIONIETO TOJIA CTa-
HOBHUTCS Tpo3padnoii. ITocme aToro 3amyckarorcs ABa TPOOHBIX WMITYIbCa. Pe3oHaHc-
HOE B3aMMOJIEHCTBHE KaXKJI0I0 U3 HUX CO CPeJOil B MPUCYTCTBUHU YIIPABIISIONIETO CBe-
Ta CO3JAeT JECTPYKTUBHYIO MHTEP(MEPEHIINI0 aMILIATY, MEPEX0I0B, 00ECTIETNBAIOIILY O
3JIEKTPOMATHUTHO-WH/IYIMPOBAHHYIO MPO3PAYHOCTh W 3HAYUTEIBHYIO 3aJEPKKY MpO0-
HBIX UMMYJIhcoB B cpefe. K momenty Bpemenn 470 [, 1] 062 TPOOHBIX MMITYJIbCA TTOJI-
HOCTBIO BOILIA B CPEIy, HO €Ille He HAYAJU U3 HEe BBIXOAUTH. B 3TOT MOMEHT Bpe-
MEHU aIHADATUYECKH BBIKJIIOYAEM IOJIE€ YIIPABISIONIEr0 UMIYIbca VC. DTO BBI3BIBAET
HACTYILJIGHWE TEMHOH IMay3bl, KOTOPasi XapaKTePU3yeTcsi OTCYTCTBUEM B CpPeJie TOJIeit,
HO COXPAHEHWEM B aTOMAPHON Cpejie TaK HA3BIBAEMBIX «TEMHBIX TOJISIPUTOHOBY, UME0-
mux GopMy MPOOHBIX UMIYILCOB. [locmeayromee aanadaTnIeckoe BKIIUYEHNE YIIPaB-
JIATONIENl BOJIHBI 0DECIeYNBACT MEHEPAIUIO CPEIO UMITYy/IHLCOB Ha mepexogax 4 — 1 u
4 — 3. @opma ITUX UMIYIbCOB KAYECTBEHHO MOBTOPsSET (OPMY HTPOOHBIX MMITYIHCOB
HA BXOJIE.
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Ha pwuc. 4-6 mpeacraBiena mpocTpaHCTBEHHO-BPEMeHHAs 3aBUCUMOCTH WHTEHCUBHO-
cTeil yIpaB/IAoNIeil BOJHBL 1 MIPOOHBIX UMITY/IHCOB. Puc. 7, 8 1eMOHCTPUPYIOT SBOJIIOIUIO
HeMarOHAJIbHBIX 3JIEMEHTOB P21, P32 MATPHUIIBI IIOTHOCTH, OTBETCTBEHHBIX 3a XPaHe-
HHUEe KOTEePeHTHON MaMATH aTOMapHOI cpenbl.

Summary

A.S. Losev, A.S. Troshin. Reproduction of Complex Optical Pulses of Different Polarization
under Electromagnetically Induced Transparency.

On the basis of the semiclassical theory of the laser light interaction with a cold atomic
cloud it is shown that, under conditions of three-fold degeneracy of the A-scheme’s ground-
level, the effects of electromagnetically induced transparency and the significant reduction of
group velocities are realized for two light pulses of different polarization and shape in the
presence of the controlling light wave. Their effective joint reproduction when switching on the
controlling light after a dark pause is demonstrated.

Key words: electromagnetically induced transparency, degeneracy of a level, complex
pulses of different polarization, reproduction of pulses.
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