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A Polaron in the One-Dimensional Holstein Model 
in the Adiabatic Approxil11dtion 

The possibility of electron self-trapping taking into account 
effects of electron-phonon interaction~ for Holstein's model (the case 
of a large polaron) is discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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I. B padore /I/ XoncreRHo:u: npe~nozesa :u:o~eHA, sa ocsose 

xoropoR dun BHBe~eH s ~aH•Relme:u: pa~ ocodessocrel, xapaxtepHaym
~Hx ~BHZ8HHe UO KpHCT6HHf HSdHTOQHOrO 3H8KTpOH6,CHH.HO B36HMO
~eiCTBym~ero c KonedaHHRWH pemeTKH KpHCTanna ( nonaJoHa) 
( CM,,HanpHMep, / 2/ ), B npe~~el padoTe 6BTOpOB a/ Ha OCHOBe 
3TOI M0~8RH dana pa3BHTa C HCllOH&30BaHHeM p~a annpOKCHMa~l 
~op:u:anbHaa cxewa nonyqeHHa HenHHeiHoro ypaBHeHHa Ana nonapoBHOI 
BOJIHOBOI ~YHK~HH. B HaCTOR~e:u: HCCHe~OBaRHH !.Ill llORCHHM ~H3HQ8Cltfm 
CTOpOHY 3THX annpOKCHMa~l H HCUOHbSye:u: pesyHbT6TH, nonyqeHHHe 
B /S/ , ~8 H6X0~8HH8 H OdCy~8HH8 H8KOTOpHX ~H3HQeCKHX X6paR
T8pHCTKK COJIHTOHa, HaUOMHHM, QTO pa3nHqHe :u:e~ ra:u:HnbTOBH6HO:U: 

ITeKapa-~pe~xa, RBHim~eroca OCHOBOI AHR :U:ROrOQHCJI8HHHX HCCH8~0Ba
HHI B TeOpHK llOHipOHa /

2/, H ra:u:HHUOHH6HO:U: XOJICTe!Ha COCTOHT B 
TOM, QTO ~peJIHXOBCKHI ra:u:Hn.TOHHaH YQHTHB68T ~6HbHO~eiCTBY~HI 
xapaKrep BSaH:u:o~elcTBHa anexrpoBa c nonapHsa~HOHHH:u: noJie:u: BW3BaB
HoR HM ~e~op:u:a~HH pemeTKH nonapHoro RpHcTanna, B To spe:u:a xax B 
XOHCTeiHOBCKOI MO~eJIH B36HMO~eiCTBHe 3JI8XTpOHa C pemeTltOI HMeeT 
KOpOTXO~eiCTBymli!HI xapaXTep , (~OJ:».f6JlbHO lite oda raMHn:&TOHHaHa 
38UHCHBamTC8 COBepmeHBO O~HH6KOBO /S/ ). 

2, Rtax, ~~e:u: HCXO~HT. H3 ra:u:HJI.TOHHaHa 

Jf .. JfL+Jfet-:Jt~t • 

'¥~ ftJ. 1() 2 
" .t A 1 J. 

JL. -= -- L -a.+ I Jlwo L ?.It + J, J,/uJJ. Z tit tlt+L 
L J.JJ e f() u( e t. 
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J'(e .: 

£.-.. r 

+ /, + + ) (~+w} Z. ae Q'e -.j z [ at+L Qe r-oe ()e+t , 
t e 

"' V Z q;~-~ · ue • e 
IloJIOliHM f,+w'::.Q ( T.e. rPHKCHpyeM H8li8JIO OTCtl8T8 3HeprHH) H 

nepel,n;eM K HOpM8Jil>HHM KOOp,ltHH8T8M ~'1 (~: ~~lt. 
1 

.,:01 :1., .. ,Al-i), 
OllHC~BaD~HM ,ltBHli8HHe tl8CTH~ pemeTKH B B~e CTOHtlllX BOJIH: 

\ A 

ve'"C~J ~~i~ .. c,e+~)) ~1 -=(~r~t~e~-.,c\e* ~ ). (2) 

B a,n;ua08THtleCKOM npHOJIHlleHHH MOXHO npeHe0peqy, B ~ 1. KHH eTHtleCKOI 
aHepruea KOJieOaHnl peweTKH: 

!Jt.y Jt ~{I'J7f)= f ~w/li._yf fae: ~ r-c{· Cle+J)+ 

( 2 ) 'a ., f- ..,. ") J. t. .( (3) 
+ V ,w z at Cle f 't <i-~',~f+ if ; w! =u.~ +uj Ctl!J a. . 

BoJIHOBaa ~YHKUHH 3JieKTpOHHoro Bo30yx,n;eHHa B 3TOM npnOJIHlleHnn , 
38llHC8HH88 B BH,n;e 

It l-t) >-a&.== ~ J.~ ll) ~ \ c >, ~ ltt~ l~l \" -: -i 
( 4) 

y,n;OBJI9TBOpBeT ypaBH8HHil 

;t;:t !y.ttJ) -ad.~ Ye ~-arrJ J llf ctJ > ~ (5) 

Tor,n;a 3HeprHa ClfCTeMH "aJieKTpoa nJIIlC pemeTKB" onpe,n;eJiaeTca Ha

OopoM B8J!MtlHH tf
1
j H paBHa 

E {t~J) = ~<~ct;;Jt-u~{lfrJ) /i {tJ >~ 
MlfHHMYM ~YHltUHH E {fry}} ,JJ;OCTHraeTca npH 

( 

~ ;- V (2.) 1 ; ~~ . li ?J "' 'jJ =-Jiuf l ~ ~ /d..., (t) Y,u ~1#+ f} • 

(6) 

(7) 

HlleHHO Ha TaKyll B8JIHtlHHY CM811!88TCB paBHOB8CHOe llOJIOli8Hlf8 Kax,n;oro 

7 -ro OC~lfJIJISTOpa 38 cqeT npHCYTCTBHR H30HTOqaoro 3JI8KTpOHa. 

4 

faMHJil>TOHHa.H CHCTeMI:l B TOliK8 MHHHMYJ48 HM88T B H,lt 

d 1'\, d. 
.:/t [f ~}} = ~ + :Jte • (8) 

r,n;e 6 ~ r J~:p4. (f)[?; /J.;u {t) r V!~{J.-, + f )j - ynpyraa 3Hep-

rHB p8BROB8CHOI ,n;e!Popwa~HH pemeTKH, a 

'VP .. J. ,..,~, + + } + v.t. ti) 1 1-.2 
JLe=--:Jfiae .. ~.()e+QerJe+l -{Cltt.leflla/~'N ~/d;o,Lt) rtnCf"'+fjs .. ,&t~V-

-raMHJ!l>TOHHBH 3JI8KTpOH8 B C8MOCOrJI8CHOB8HHOM C HHM llOJie p8BHO
B8CHOI .lterPoPMB~HH. ~eRCTBHT8Jil>HO, a,n;ua0aTHt~8CKOe npH0JIHX8HHe 
03HallaeT, qTO 3JieKTpOH COBepmaeT dwCTpwe ,li;BHli8HH8 B Me,n;JieHHOM 

HH8PQHOHHOM llOJie .lt~OpYaUHH pemeTKH. KOJIHlleCTB8HHO 3TO MOlleT 
OWTD Blipali9HO CJI9)zyllii!HM o0pa30M: BpeMa 'Cj "' /1-4 MeK,n;y .ltBYMH 
Tp8HCJI8~HOHEHMH CKatlKBMH 3JieKTpOHa MHOrO M9HJ.me xapaKTepHoro 
BpeMeHH ~~ ~ W0-ipeJiaKC8UHH ,n;e~OPMaUHH peweTKH, CBR38HHOI C ero 
,ltBHJ:8HH8M. 

r:v 
CZ'.t << LJ. liJ!li! ifw0 << Y, (9) 

t~To ocyll!eCTBHMO npH ,n;ocTaTOliHO mHpoKol aJieKTpOHHOI 30He ~ 
CaMocorJiacoaaHawe pemeaHa ,n;Jia aJieKTpoaRwx aunJIHTY.lt Jr (t) 

HBI,I;SM H3 JPl.BH8HHR 

7U/ ~ '\. ~ (10) 
1·~t& l'fttJ> ·, ye ·ar

1
J}/'fttJ) .· 

KoTopoe nepenxmetca c~e,l;yllllllfM oOpa3oM: 

; li ~t r~1 t# = -:J{~-L Ct:J+d.;+l ttJ)+[s·- f fay-(~) x 

y. "{ /diH (tJ/:. 'i!itcj'"+ f) r,~ Cj/ + f J}i; to . 
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TaK ze, KaK u B /I/ , ay~eM npe~nonaraT~ ~cnepcuD onTH-
qecKHX KoneOaHHB cnaOoB, T.e. w} << W/ , u ,D;anee orpaHHllHMCll 
qneHa.MH C TOllHOCT»D ,li;O !-ro nopll,ltKa OTHOmeHHll wl/w/- , 
Tor,D;a oOYllHYM oapaaoM f.'3f B "xoHTHHyam.HOM" npe,D;ene 

Jj{t)-'>J.(x
1
i:) 1!:3 (II) nony'IHM He.IIHHeBHOe ypaBH8HHe 

1·t~~~,t)"' ~--JY)i{x,-t)-Ya1f)l.x {lC/:)-:u~tl {1- ~J/ri(x,tJ/ri(Jl,i) (!2
) 

(a-nOCTOJIHHall pemeTltH), qaCTHOe COnHTOHHOe pemeHHe KOTOpOrO 
HM8eT BH,ll; 

J (x,f): t; t'{Kx-wt-rpo) 
e (!3) 

cltj ()<-J-t+xo) 

u aaBHCHT oT lleTYpex napaMeTpos: f.,, )(", L 
1 

-£" • Hallan~HYe 
4>aay ¢-J H ~eHTp Mace X0 <IJ«KCHpyeM, nonozus HX piBHYMH 
HynD. BemtllHHY k H C.O BYpamDTCll qepea mupHHY L u 
CKOpOCT~ COnHTOHa v- cne~~HM 00pa30M: 

1i h z ,rl a z 
k= vJa.2.J ; iw: .ia"':f · i:.,. § -JY-::! f-.l. • (!4) 

r J ~ YcnoBue HOpMHpOBitH J :_ \d.()t. 1t) I :: i 
4~ 

L "' L !. = a. ..,....v l~C -Ui..,-... ) 
-!-I. 
JJ.wt- ~t 

,D;aeT 

(!5) 

3HeprHll CHCTeMH B 6,D;Ha0aTHQ8CKOM npH0nHZ6HHH B npeHeOpezeHHH rap
MOHH'l8CKHMH KOne0aHHHMH y3nOB pemeTKH OTHOCHTen~HO CMe~eHHYX nono-
Z8HHit P'J.BHOBecu E (~t'\"l)-=- ~-<'1\-lt)\~...J(l~ 1)\q-l-t))....!. 
B "KOHTHHYaR~HOM" npe,D;ene KMeeT BH,ll; i 

( "') ld r ~ P. E \~11 -= ~~ J :_ l-~j\J(lt 1t)\ +~a:tlJ."(x 1 ~)\ -

(!6) 
yl 'l. 4] yl) ~ 

-- f{_- u;J )\J.Cr--1:)\ j 6=- ~ 1J-()o:.-t)\ Mw;- \: wol. l JlwoJt G.. \ , 

6 

1 

' 

., 

f 

llHTerpupya nocne,D;Hee BYpazeuHe c yqeTOM (IJ), nonyqHM 

- ( ('\.1.) t 1 o1 'ja1. l vl w; \ a. 
E 1t~~l = Ja~J · [ -t ~--i'j + ~' L~- ~Jlwg- (1.- w/) Ls. 

(!7) 
vl a. 

6 "'" ~Jlw; . L: t• ~t 
IIpoHHTepnpeTHpye:u OT,ll;en~HYe cnaraeMHe B (!7): t2a.'j · I - KHHeTH
qecKaa aueprHH conHToaa, TaK llTO 

itt 
rn = ~at~ 

(!8) 

ecT~ Macca conHTOHHoro soaayz,D;eHHH,coBna,D;aD~aa B ,~~;aHHOM npHOnHze
HHH c uaccoB souuoro anexTpoHa ( eM. /J/ ), ~ - aueprHa pasuo
BeCHOB ynpyroB ,D;e<IJopMa~HH 1 ,li;BHsy~eBCH BMeCTe C aneKTpOHOM CO 
CKOpOCTLil J" j - ~ J - C,li;BHr 3HeprHH aneKTpOHa 3a ClleT TpaHCnli-
UHOHHYX cttaqKoB; a.~~/3 L ~ = -k~~ L:~. - aaepnll KBaHTOBYX oc~HnnH~HB 

~ ~ v~ .t. a 
aneKTpoua B HMe c pasMepoM L s ; - --.. r i- w.L ) • -L 

~.A.IVJt \ w.~ s 
aHeprHH aneKTpoua B none pasuoBecuoll ,D;e<IJopwa~HH pemeTKH. 
CyMMHPYH cnaraeMYe B (!7) c yqeToM (!5), nonyllHM 

"' ) u~ ~ ( v~ )P.. ( wi \ E(tli1 =rn f).-~~- \t&j .Uw:f- i-~ wo"l. ;-
(!9) 

3HeprHa conuToua ( aneKTpoHa, csasaHuoro c ,D;e<IJopya~Hell pemeTKH 
B oOnaCTH C pa3MepOM l~ ) HHZe 3HeprHH 30HHOrO aneKTpOHa Ha 
BenHllHHY 

.1.. v 
1 

)" ( w{ ) E ctT -= Lt~'J ~ Mwt 1 - 4 WoL ' (20) 

llTo H odyc~oanHBaeT noKanusauHD sneKTpoua. PasBHTYR no,D;XO,ll; cnpaBe,D;
nHB, ecnH 

~ 'j')) va , 
~JJ..wc~ 

Ls.))a. HJIH (2!) 

T.e. npH ,li;OCT6TOQHO illHpOKOR HCXO,li;HOB aneKTpOHHOI 30He ~ H He 
OlleH~ OonLmoB ltOHCTaHTe CBH3H \( • Kalt BH,li;H0,(2!) He npOTHBO-
pellHT ycnoBHD (9) • lis BYpa:z:eHPia (!5) .D;nll L s. cne,eyeT, llTO B 
npe,D;ene OlleHL cnaOoB CBH3H ( v~ 0 ) HnH Oll8HL zeCTltOB pemeTKH 

7 



( U w0~ -=.> txl ) H8J!l>311 y-ze rOBOpHTb 0 JIOKaJIH3ai.\HH 3JI8KTpOHa, 
B 3TOM CJiy~ae COJIHTOHHall BOJlHOBal! ~YHKI.\HII (!3) BNpo-z~aeTCII B 
TIJIOCKYD BOJIHY . + 

~()~JH.ut) t'k:t kl ( ) 
d..('lC/tJ""''2- ) ~w-= &M- -~llj) l'h"" Ja,.::J. 22 

3.~aB~OBYM H KHCJIYXOI / 4/ HCCJie~OBaJIHCl> ~aCTHneno~o0HYe 
3KCHTOHHNe B030y-a~eHHII, pacnpOCTpaHIID~HeCI! B O~HOMepHNX MOJieKy
JII!pHYX nensx. llpe~JIOZ9HHYM HMH CTIOC000M ON~O paCCMOTpeHO B3aHMO
~eiCTBH8 MarHOHOB / 5 , 6/ H A8W8KTOHOB/?/ C KOJie0aHHSMH pemeT

KH, HHze MY npHM8HHM 3TOT CTIOC00 ~~~ HCCJie~OBaHHII B3aHMO~eiCT
BHII 3JI9KTpOHa C OTITMq8CKHMH KOJie0aHHIIMM pemeTKH H TIOJiyllHM 
uem!Heauoe ypaBHeHHe (12) ~Jill 31IeKTpOHHOit aMnmtTy~ d.,(')(

1 
i) 

TeM CaMNM Oy~eT npo~eMOHCTpHpOBaHa CBJI3l> M8lr,lly KBa3HJtJiaCCl'lll8CKJ.!M 
paCCMOTpeHJ.!eM, npe~JIOZ8HH1iM B / 4/, H pa3BI!TWM BNme a~Ha0aTH
~8CKHM npROJIHXeHneu. ITpR 3TOM Oy~eM ncnoJil>30BaTl> HOPMaJil>HNe 

KOPMHHaTN 'i '\ H conpi!ZeHHNe HM MMnYJil>CN P'l , liTO no3BOJIMT 
nony~n peay Jinar 6onee npoc TNM nyreM , 'leM B c.nytiae, 

8CJ!l'l ~eiCTB0BaTb B TepMMHaX aTOMHNX OTKJIOH8Hl'll 'U C. H COnpszeH

HNX MMTIYJil>COB fe • Mrax, raMHJil>TOHHaH CHCTeMw HMeer BH~ (I). 
Pemero~Hwl raMMJil>TOHHaH npe~cTaBHM xax cyuuy KHHeTH~ecxol H 
TIOTeHnHaJil>HOI 3HeprHa: 

p: ll J. ~ 
1\W -=- T+ U · T= L. -r--r \J: 2: ~q ~ (23) 
.JLL / "\ ~JA J 1 :9.. I sj • 

BOJIHOBYD ~YHKnHD 3JI8KTpOHHOrO B036y~eHHII, KaK H paHl>me, BH6H
paeM B BH~e 

\lflt))~ld .. L-t)o:to) J ?;;ld"'(-t)\J.,.,{, (24) 

r~e aMTIJIHTY~Ii J.~-. lt) MOZHO TIO.Ily~Tl> l'l3 YI6BH8HMII llipe~HHrepa 

~t ~t \l{- Lt))" 'j{ \l{-L-t)), (25) 

xoropoe nepenHmercs B B~e 

~t'Ud.,Lt) =[T+\.l+Vl~w)\~::t ~~LG~+~)]J.h-jt'J~~,l*)-\J .. ,t'-\). (26) 
Qt "J ~ 'I V -

8 

t 
I 

! 
I 

+ 

I 

t 

Bse~eM flJYHKQIU> nepeMeHHNX 't1 ~ pl, d.., Lt), 

f =- < lt Lt) \ 'j{ \~ l t))..: ~ \L r~u+V L~ )'tl~ ~~ 4i"' (f + J~ll~(lt) J., H.)- c27 ) 

- 'jJ:(t) (J.,., L-t) ~ J.,_, l*-\). 

IT pH ~I'!KCHpOBaHHHX sua~eHHIIX aMnJIHTY~ d., l -l) rl!YHKnl'lll F IIBJIHeT
CH ~YHKnHel rauMJil>TOHa OTHOCI'!T9Jil>HO HOpMaJ!l>HNX KOOMI'!HaT ~ '\ 
H KaHOHH~ecxH conp111:euuwx c HHMH HMnynl>COB P"' . IToaroMy MOZHO 
HaTIHCaTl> ypaBH9HI'lll raMHJ!l>TOHa c~e~romiDM o0pa30M: 

• (i)\- p 
~'i:~z 1\/.u 

I l (28 ) 

fl . ., -~ " - JAw~ ~l - V ( '1w-) \ ~ l d ~ L*-) \ "~.-.. (1"' t \) . 

i 
McxJIDilall H3 3THX ypasueHHR P1 , aaXOAI'!M ypaBHeHHe rapMOHHilecxo-
ro ocnHJIJIIITOpa C TIOCTOIIHHO ~eiCTBYD~eR Ha Hero CHnol 
(d.._ lt) 3~9Cl> ljlHKCI'lpOBaHH): 

.. i v 9. )~/. i 
~ 1 ~- w\ ~I - M ( N' ,_ ~ )·i~ ( \ .. -t % ) \ J .. l-q l . (29) 

PemeHHe nocne~uero ypaBH eu I'll! 
~ 

V f"-)i A . ~~ (t)- \"\lo )c.D<, w~.il: - ~wf 'v N ~ la~ ltl I ¥~~ Lj"'" ~) (so) 

TIOACTaBHM B (26) H TIOJiy~HM CJie~~ee YI6BH8HI'!e Mil J ~o. l t) : 

·-\; 'UJ.~l~) =f~·tK-L. JUV J.f!)z\J..,l-t)\\~r(.),... .. ~)'i,·~-~cq~-<~)\:l~ltl-
" rut l ~ w1 \tv "" \:I ·1 J (31) 

- "j(J"'_,L-t)-+J"'_.,l*-)J • 

3~ecl>-~ ~ !,_~~~ (~ )L~ \d.~Lt)\'-~~o(l"'-t ~))~ 
<i '\ 

- ynpyra11 
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3HeprMa ~e~opwanHH pemeTKH, cornacosaaaoR c sneKtpoaoM; 
vt J)\""'U .'1., IJ~ K ~ ~ ~uw1" l i'w L ~lilt t~ lt)\ ~~< C'V'"'• ") - KHHetH-

qecKaa saeprHa TaKoR ~e~oPManHH. B rrepBOM K03~HnHeHte ypasHe
HHa ( 3! ) MH rrpeHe~pernH, KaK H paHee, 3HeprHeR rapMOHHqeCKHX 
Kone~aHHR OCUHnJlBT_QjOB OTHOCHTenE>HO CMei!IeHH!iX rrono:a:eHHR paBHO
BeCHH T

1
+U

1
-= '2: JJ.;'' ''-(.c) , .n.aDI!IeR nocToaHHYD nonpanKy x 

3aKOHY ~HCnepcH'H B03~#.u;eHiiH. 
B "KOHTHHyan~>HOM" npe.u;ene nonyQHM ypasHeHHe 

• vz U) ~ \~ ~t J.. (.x,t) & ~+K -J.j)J()t,~ )-~a1J,.~< (} ,t)- Uwf (i- w:•) ~d.~~) ~~,t), 
HMeJJI!Iee COHHTOHHOe pemeHHe (13) H 3aKOH .B;HCrrepCHH 

a ,.) -~ - ::::::L - + -- • -
rN .J V~ CL'~)a ~~ tJl 

£ "" '€ + f<. -~ ':J + 3 'L~ - .Jtlw} {i wo:. Ls eRa':/ r:P.. / 

41 
js = ,:w:~ (1- ~,:} J 

vt 
e -~ --;;-:~, 
<b - 6.uwc 

a v z a tr ,;t [ ) t-:: ·;;;-; . L3 • iS ' I . 
s vuW~ s 

KaK BH~M,B 3TOM no~xo~e nonyqeHa nepeHopuHpoBKa MaCCH conHTOHHO
ro B030y~eHHH Ha BeHHQHHy 

lun~i. ~.E._ 
Jr" )ljw'~ L3 

c s 

0THOmeHHe ~ 
2 

.1m '1(1(. - --- - -II VJ. ) ).(Q ) "' / {-f (J), ) 

-,:n = 1'5 { 6./llw,/ L.s. hW
0
:t w.:<~ 

nponopnHoHan~>ao KBa,u;paty OTHomeHHH ynpyroR 3HeprHH .u;e~opwanHH 
K 3HeprHH ~OHOHa. 
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