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HaXOl\Sillli!XCSI 

PaccMorpeH 6e31!3lly'larenbHb!l! npouecc nepeaa'lll SHeprllll aoa6ylK!leHI!$ 

aroMa nornoma~mel! cpene. BLI'II!ClleHa aepoS!rHOCTb 6e31!3lly'laTel!bHOro 

EL -nepexona lll!SI aoa6yJKileHHoro aroMa, HaXOilSIWerocSI B6l11!3H noaepx

HOCTH MaKpOCKOni!'ISCKOl! CpellLI C KOMfil19KCHOJ! llH3l19KTpll'leCKOJ! 

llpOHHUaeMOCrb~ £(w 0).8 npenene Mallb!X paCCTOSIHHl! paCCMarpliB89Mb!ll 

npouecc naer OCHOBHOH BKl!all B lllllp!!HY ypOBHSI H onpeneJISIST BpeMSI 

lK1!3HH B036ylKil9HHOf'O COCTOSIHI!SI, 

Pa6ora BbinOl!HeHa B fla6oparopHH BbiCOKIIX 3HeprHl! OH.RI1. 

flpenpBHT 06WJUIHeHBOrO BBCTBTYT& a,l{epRWJ: RCCJI8JlOII&BRli • .l{y6a& 1977 

Lyuboshitz V.L. P4 - 10435 
Dissipation of the Energy of Excited Atoms 
Located near an Absorptive Medium Surface 

The nonradiative process of ~ransfer of the excited 
atom energy to an absorptive medium is considered. The 
probability of the nonradiative EL -transition is calcu
lated for an excited atom placed near a macroscopic 
medium surface with the complex dielectric function 
£(w 0 ). In the limit of very small distances the discussed 
process yields a main contribution to the level weight 
and determines the lifetime of the excited state. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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B CBH3H C pa3BHTHCM MCTO.IJ.HKH MOHOMOJICKYJIHpHbiX 

CJIOCB CTBJIO B03MO*HhlM 3KCllepHMCHTBJihHOC HCCJIC.IJ.OBa

HHC $nyopecu;eHI.J;HH BTOMOB H MOJICKYJI, HBXO.IJ.HI.l{HXCH Ha 

O'ICHb 6JIH3KOM /nopx.n.Ka 10 A/ paccTOHHHH OT rpaHHUhi 

pa3IJ.CJI8 D.BYX cpe.n. C pa3HhiMH llOK,38TCJIHMH npeJIOMJie

HHH 
11 •2 /. B TeopeTuqecKux pa6oTax 

3 - 81 H3yqancx 3«P«beKI 

H3MCHCHHH BpCMCHH *H3HH B036Y*.Il.CHHOrO BTOMR llO.IJ. 

BJIHHHHCM MCTBJIJIHqecKoro 3CpKaJia. llpH 3TOM HCllOJib30-

BRJIRCh KJIRCCHqeCKBH TCOpHR pacnpOCTpBHCHHH pa.IJ.HOBOJIH, 

H3JiyqaeMhiX .n.unoJihHOH aHTeHHOH. Pe3yJihTBThi, nonyqeH

Hhie B
13

-
8

1,cnpaBe.IJ.JIHBhi TOJihKO B cnyqae El -nepexo.n.oB. 

B HBCTOHI.l{CH 38MCTKC Mb! paCCMOTpHM 6e3H3JJyqaTCJihHhiH 

3JICKTpOMarHHTHhlH npou;ecc, B XO.IJ.C KOTOporo KBRHTOBBH 

CHCTCMB, paCllOJIO*CHHBH Ha OllpC.IJ.CJICHHOM paCCTOHHHH OT 

llOBepXHOCTH llOrJIOI.l{BIOI.l{CH CpC.IJ.hl, nepeXO.IJ.HT H3 B036y*

.Il.CHHOrO COCTOHHHH B OCHOBHOC, a OCB060*.Il.BIOI.l{8HC.H 3Hep

rHH .Il.HCCHllHpyeTC.H B Cpe.n.e. llpH oqeHb MBJihlX paCCTO.H

HH.HX Bepo.HTHOCTh 3TOrO npou;ecca llpCBhllllBCT BCpO.HTHOCTh 

H3JiyqeHH.H peaJihHOrO cPOTOHa. Halll llO.IJ.XO.IJ. OTHOCHTC.H K 

JII06hiM MYJihTHllOJihHbiM nepeXO.IJ.BM 3JICKTpuqecKoro THlla. 

I1 v 2L v v 

YCTh OCUHJIJIHpyiOI.l{HH -noJihHhiH 3JieKTpuqecKHH Mo-

MCHT HBXO.IJ.HTC.H B BaKyyMe Ha paCCTO.HHHH 0 OT llJIOCKOH 

llOBCpXHOCTH MaKpOCKOfiHqecKOH CpC.IJ.hi C KOMllJICKCHOH .Il.H3-

JICKTpuqecKOH npOHHUBCMOCThiO dw
0 

). 3a.n.a.IJ.HM c$epuqec

KHC KOMllOHCHThl 2 L- llOJihHOrO MOMCHTB B CHCTCMC KOOp-
v ~ 

.IJ.HHB T C OChiO Z, napa.r:JICJihHOH BCKTOpy HOPMBJIH n K flO-

BCpXHOCTH CpC.IJ.hi: 

Q L (t)orQ e iwo t 
m Lm 

+Q*e -iwot 

Lm /1/ 
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B .nanhHeilrneM 6y,neM C'lHTa Tb, 'ITO D<< 
c 
--T~.-. Ha 

Wok (u;o >! 2 

( R ;:: D) HanpjDKeHHOCTb 
c 

paccTOHHHHx R << y, 
wo ! £ (wo )I 2 

3neKTpH'leCKOrO nonH B Cpe,ne MO)I(HO onpe,nenHTb no 4Jop
MynaM 3neKTpOCTaTHKH. B COOTBeTCTBHH C H3BeCTHbiM 
perneHHeM 3a,naqu o none TO'le'lHoro 3apH,na, pacnono)l(eH
Horo Ha HeKOTOpOM paCCTOHHHH OT nnOCKOH rpaHHUbi .Ll.BYX 
.Ll.H3neKTPHKOB I 191 , § 7 I, B paccMa TpusaeMOM cnyqae 
JneKTpuqecKoe none B nornoma10meH: cpe.ne paBHO no 
BenH'lHHe non10, KOTOpoe C03,naeT B BaKyyMe tPHKTHBHbiH 
2L-nonbHbiH MOMeHT C KOMnOHeHTaMH 

Q (t) .. 2Re [ Q Lm e ifuot 
Lm 1+ dw ) 

0 

], 121 

Haxo.nHIUHHCH B Toil )l(e TO'lKe, 'ITO u peanbHbiH MynbTHnonb. 
Ilpe,ncTaBHM HanpH)I(eHHOCTb 3neKTpH'leCKOrO nonH B 

BH,ne 

.... .... .... .... iw0 t 
E ( r , t ) ""'"' 2 Re ( E ( r) e ) . 131 

Tor.na B JneKTpocTaTH'lecKoM npu6nu)l(eHHH 

.... -> 2 4 .... 
E(r ),. - y-...!1..-- V 

1+£(w
0

) 2L+1 

r.ne r, 0,¢ - c4JepuqecKHe 
OTHOllJeHHIO K 2 L-nonbHOMY 
pOBble tPYHKUHH. 

L 

m~ L Lm Y Lm(O,¢) 
l---------1, 141 

r L+l 

KOOP.Ll.HHaTbl TO'lKH Cpe.LJ.bl no 

H3ny'laTeniO, YLm(O,¢) - rna-

H3secTHO, 'ITO cpe.nHee KonuqecTso 3Hepruu 1 , no
rnomaeMoe 3a 1 c a ocuunnupyiOIUeM none 131, onpe.nenH
eTcH no 4JopMyne 

wo ........ 2 3 .... 1 ,. -- lm £ ( w
0 

) J ! E ( r) ! d r , 
21r v5 

151 

r.ne HHTerpuposaHue nposo,nuTcH no o6beMy cpe,nbl, orpa
HH'leHHOMY nnocKOCTbiO S I 191 , §611. Mbi HHTepecyeMCH 
TOnbKO 3neKTpOCTaTH'leCKHM qneHOM, BXO.Ll.HIUHM B 1 
KOTOpbiH co,nep)I(HT HaH60nblliYIO CTeneHb 1/0, H npeHe6-

w00 
peraeM 34l4JeKTaMH nopH,nKa ---. B 3TOM npu6nu)l(eHHH 

c 

4 

J 

\ 

1 
\ 

.... 
MO)I(HO socnonh30BaTbCH 4JopMynoH: 141 .nnH E Cf). Ilo.n-
CTaBnHH 141 B 151, nocne pH.na npeo6pa3oBaHHH nonyqa
eM * 

41mdw0) L (2L)! 2 wo 
1,. ( I I Q I ) 161 

j£(w0 )+112 m=·L(L+m)!(L-m)! Lm (2D)2L+I 

Ilepeif,neM Tenepb K KBaHTOBOH CHCTeMe laTOMy, MO
neKynel. Ilo npHHUHny COOTBeTCTBHH C KJiaCCH'leCKOH TeO
pHeH BepOHTHOCTb nepexo,na H3 B036Y)I(.Ll.CHHOrO COCTOHHHH 
jb> B OCHOBHOe j a> 3a 1 CeKyH,ny C nepe,naqeif 3HeprHH 

so36y)l(,neHHH 1iw0 nornoma10meH: cpe.ne cocTaBnHeT 

J b-+ 1 .... .... 2 3-> 
W ,~-8-=~lmdw )J l<aiE(r)jh>l d r, 171 

b->a 11 w 2 1T n 0 V 
0 s 

r.ne <a 1 E (~) 1 b > - JneKTPH'lecKoe none, OTBelfaiOmee 
3JieKTpOMarHHTHOMY TOKY nepexo,na Me)l(_ny paCCMaTpHBae
MbiMH COCTOHHHHMH. 

0603Ha'lHM cnHHbl OCHOBHOrO H B036y)l(_neHHOrO COCTOH
HHH a TOM a S I H S 2, a npoeKUHH CnHHOB Ha BCKTOp HOpManH 
K nosepxHOCTH cpe,nbi - m 1 H m 2· C Y'lCTOM 161 H 17 I npu 
ManbiX 3Ha'leHHHX D sepoHTHOCTb 6e3H3ny'laTeJibHoro EL
nepeXO)].a OnHCbiBaeTCH Bblpa)KeHHeM 

W,(L,m2) 41m£ (w0 ) 1 2L+I 
b -•a "" :-:-2( --) 

8 2 8 1 1i! dw
0

) + 1 j 20 
IBI X 

L (2L)' ... 2 
I---· -J<a IQ I !h >!. 

m=-~L+m)!(L-m)! 8 1 ml Lm 8 2m2 
X 

3.necb 

<a ! Q ! b > = Q C s2 m2 
s 1m 1 Lm s 2 m 2 L s1m

1
Lm 

L 
- MaTpH'lHble 3JieMeHTbl KOMnOHeHT 2 -noJibHOrO 3neKTpu-
lfeCKOrO MOMeHTa, nponOpUHOHanbHble K03<}l4JHUHCHTaM 

1 ........ 2d3 .... * MO)I(HO noKa3aTb, 'ITO HHTerpan- J]E(r)l r pa-
2TTv5 v 

BCH 3HeprHH 3nCKTpOCTaTH'lCCKOrQ. B3aHMO.Ll.CHCTBHH HC
XO.Ll.HOH CHCTCMbl Q C CHCTeMOH Q, KOTOpaH nonyqaeTCH 
H3 Q nocpe,nCTBOM 3epKanbHOrO OTpa)I(CHHH B TinOCKOCTH 
pa3,nena S . 
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Kne6rna-rop,D,oHa. Bae,D,eM aepowrHOCTh 2 L -nonLHoro 

3JICKTpH4CCKOrO H3JIY4CHHH B C,D,HHHQY BpCMCHK ,D,JIH H30-

JIHpOBaHHOrO aTOMa //IO~ §25/: 

20-+1) ( wo )2L+1 I Q 12 

y L = 1\L -c- (2L+1)!! (2L-1)!! / 9/ 

Tor,D,a $opMyna /8/ nepenHChiBaeTcH B BH.D.e 

2L+l "1 
( L,m2 ) 4Imdw_Q,~ ( _c_) 2 K(L, m

2
-m

1
) x 

W - ---- 2 Y m --.-
b . -> a.. - ! f (co 0) + 1 I L 4 6)0 D • I~ . I 
"2 ~I 

"2m2 2 
X ( C ), 

s 
1
m

1 
Lm 

2
-m

1 
/10/ 

K(L,m)=K(L,-m),., _ (2L+l)1 [(2L)!]
2 

/11/ 
(L +- m )! ( L ·- m )' (L+l)'(L-1)! 

CornacHo /10/, aepoHTHOCTh nepe,D,aYH Bo36Y*.D.CHHH no

rnou~aromeH: cpe.n.e cymecraeuHo 3aBHCHT 01 npoeKQHH cnH

Ha B036Y*.D.CHHOrO COCTOHHHH Ha BCKTOp HOpMaJIH K rpaHHQC 

pa3,D,eJia CpC,ll,bl H BaKyyMa H paCTCT C YMCHhlllCHHCM pac-

l 2L+l 
CTOHHHH D KaK (-) . 

D 
IlpC,il,llOJIO*HM ,!J,JIH OllpC,D,CJICHHOCTH, 'ITO CllHH B036y*

,!J,CHHOrO COC10RHHH paBeH L, CHHH OCHOBHOrO paBCH HYJIIO, 

a 01HOCHTCJihHaH 'lCTHOCTh ry ab = (-1) L . 8 310M CJiyqae 

pacna,D, B036Y*.LJ.euuoro cocTOHHHH CBH3aH c YHCThiM EL
nepexo.LJ.oM, H, B COOTBCTCTBHH C /11/, 

W(L,m) = 4Imf(6>o_)_y (--~-)2L+l K(L,m). 
b L-> ao I €( w ) + 1 12 L 4 w D 

0 0 

IlpH L= 1 HMeeM 

(1,1) 1 (1,0) 
W =-W 3 

8 
~m dw0 ) Y ( ~--)~ 

b1-+ao 2 h1-+ao If (wo) + 11 2 I wo D 

6 

/12/ 

/13/ 

I .. 

I 

l 
i 
~ 

/8/ 
Paaencraa /13/ cornacyrorcH c pe3yJihTaTaMH pa6oTLI 

.ll.JIB lliHpHH CllCKTpaJibHhiX JIHHHH KJiaCCH'ICCKoro OCQHJIJIH

TOpa. IlpH 310M 3Ha4CHHIO m = 1 OTBeY:aeT OpHCHTa.QHB 

OCQHJIJIBTOpa B HanpaBJICHHBX, napanJICJibHhlX llOBCpXHOCTH 

MaKpOCKOllH'ICCKOH CPC.ll.hl, a 3Ha'ICHHIO m = 0 - OpHCHTaQHH 

B HanpaBJICHHH, nepneH,D,HKYJHipHOM :HOH llOBepXHOCTH. 

RcHo, 'ITO ecnH .n;a~e I € (w
0

)j » 1, a lm E (w
0

) « 1, npH 

.D.OCTaTO'IHO MaJihiX D apeMB )I(H3HH so36Y*ACHHoro aro

Ma, HaXO,D,Hll.ICrOCB BfiJIH3H llOBCpXHOCTH ,D;H3JICKTpHKa HJIH 

MCTanna, QCJIHKOM onpe,n;enBCTCB npOQCCCOM ,D;HCCHllaQHH 

3HeprHH B036y)I(,D;CHHB B cpe,n;e H CTpCMHTCB K HYJIIO npo

nopQHOHaJibHO D2 L+1. Cor naCHO /12/' B036y)I(,D;CHHhiH aToM-

HhlH ypOBCHh pacmennBeTCB Ha KOMllOHCHTbl C CYll.ICCTBCHHO 

-1 
) 

( L,m) 
pa3JIH4aiOIQHMHCB BpeMeHaMH )I(H3HH r "' ( Wb 

m L ... ao 
-+ 

3aBHCBll.IHMH OT npoeKQHH CllHHa m Ha HOpMaJI.b n. B YaCT-

(2L) ! 
HOCTH, r L/r 

0 
= -- llpH L= lHMeeM r 

1
/ r = 2, npH L=2 

· (U )2 o 
OTHOlliCHHC r 2 /r () ""6. 

ECJIH CllHH B036y)I(.LJ.CHHOrO COCTOBHHB paBeH Hynro, 

a OCHOBHOrO L, COOTHOlliCHH.R /10/-/11/ npHBO.LJ.JIT K clJop

Myne 

(L,O) 2 [(2L)!] 2 lmdw 0 ) c 2L+1 
w =------~y (---). 

h0->aL (L+l)!(L-1)! !E(u0 )+11 I 2w0D 
/14/ 

Aarop 6naro,n;apeH B.r.liaphillleBcKoMy H M.H.llo.n;ro

peQKOMY 3a HHTepec K pa6ore H none3Hhie JaMeYaHHB. 
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