
15 KOlJ. 

PeAaKTOP :3 • B. HB amKeBH'i. "IIKeT p.n.IlIOMHHoii. 

nOAn~caHo B ne'4aT b 16.09.85 . 
~op,.,aT 601190/ 16. O~ceTHa" ne'4aTb. Y'4 . -H3A .nHCToa 1. 0 J • 

TMpa* 330. 3aKa3- 36723. 

H3AaTenbCKMH OTAen 06~eAHHeHHoro ~ HcTHTyTa "AepHWll HccneAoe8HHH. 
Qy6Ha MoCKoaCKoH o5nacTH. 

OfihBAMHBHHblM 
MHCTMTYT 
HABPHblX 

MCCIBAOBaHMM 

AYtiHa 

EI7-85-629 


. K. Fr·.I}' 1111 ill, V .A.Osi pov 

'1'111·: I':I,'I,'EC :1'5 DUE 

TO FINITE TEMPERATURE 

A NI) c:lIEMICAL POTENTIAL 

IN TWO-UIMENSIONAL FIELD THEORY 

MUI)U.~ AND POLY ACETYLENE 

Submitted to 1)I(3T4l" 

1985 


http:16.09.85


1. Introdncti'On 

The simplest linear conjugated polymer, trans-pol;yacetylene (CW). , 
can be treated as t he one-d1mensional Peierle-d1merized system with 
the balf-tilled band/ 1 ,2/. The spontaneous symmetry bre~king (SSB) 
leads to tbe d1merized chains tor any nonzero electron-pbonon coupling 
strengtb. As a consequence ot the ground-etate twotold degeneracy, 
there exist topological solitons t hat can explain the physical proper
ties ot tbe trans-(CH). /1/. 

Tbe SSB exists in tbe main relativistic quantum tield tbeory 
(RQPT) models. !be investigation ot tbe (1+1)-dimensional models witb 
SSB has a specifi c i nterest. I n the Gross-Neveu (GN) model tbe dyna
mical breaking ot the discrete as symmetry occurs, wbereas in tbe 
model <p~ with fermions (11';) the retlection symmetry is spontane
ously broken. The tenDions in tbe GN and CP: models acquire tbe mass 
due to tbe interaction with t be broken symmetry Bose tield. The mass 
gap in the fermionic spectrum Bnd the dimerisation gap in tbe trans 

(eH) are e,uivalent. 
;n ref. 5/ the SSB restor ation i n the RQPT models at finite t em

perat ure is cousidered. The growth of the fermiOn density ana. exter
na l fields l eads to an analogous e!fecta (see, tor example, /6/). Ttle 
c orres pond i ng analysis within the GN model bas been performed in ref s. 
/7,6/. It the symmetry restoration t akes p1ace, topologi&al solitons 
rl lAappear. 

The i nf l uonce ot the tinite temperature and electric field on 
t he Peierle t ransition in tbe continuum Peieris model at f: i , 
wbe r e .f denotes the number ot e lectrouson the elementary cell, is 

onol de red in ref /9/. At zero temperature Bnd.f'= 4 tbe exact solu
t I on ot tbe Beierle model in the sel! -consistsnt tield approxtcation 
heR bee n t ound 'in ret./10/. The ground state includes the imcommeD8U
rute nol t tonic lsttice. Tte generalization to the tinit e tempera turss 
,in rlr vcl oped in refs. /11/. " 

I n our peper the SSB in the GN and ifF modela et t1 n1 to tempera
t ure T and fermion density I\. is inves t i ga t ed. Tbe .IlQJP'J' t echnique 
mOll11:1ed to finite T and n. is used/ 12 , 1)/ . A.ll clllr,ul d i ons bave 
boan pe rformed in the mean field a pproxi llllltion. Wa"olfl m l ne the cri 

2 

t ica l va l ues T Bnd n.~ above which the SSB are absent. In refs. 
14, 251 t he an~logy bet ween continuum tra ns- (eH)", model and (1+1)

di mens i onal RQPT modele has been developed . IVe sh Ol'l t ha t t his for
t unate convergence t akes place in the case of finite T and n. • The 
effective potent i a l in t he GW mode l s nd the grand potential i n t he 
t rana- (C K) JC are equivalent . On t his basis t he new i nterpretat i on 
of t re di electric-metal transit i on in trans- (CH)I" is presented . 
The If" model (witbout fenni nn s ) is i nt ensivcly used in t he the o~ of 
s t ructural phase transitions in the condensed mstter physics . I t is 
ehOl'ln that the introduotion of the f s nnt onic terms i n the HBmilto
nian of the system gives rise to the soft phonon mode sppearance et 
f i nite fl, 

2. The Gross-Neveu model 

The Lagrangian of the model hss the form 131 


N L * 1 

(1)/ = ~ [ i ~r., Iff1 ~ t Cr..~Pl/'P) . 

The model conta i ns ~ fermi ons with quar tic int eraction. 4' is a 
t"o-component spinor, \ji= 'I'~io , 1 "'~lj '.f = o,~ , 10 " O~, ~. = lO. , 

~; are the Pauli matrices , g~N i s the dimensi onl ess coupling cons 
t ant. The Legrangi an ( 1) is invari ant unde r t he dis c r e t e chira l t ra ns
f orms tion 4' ... ,+, '= ~ s '\i with ds=Jo61 • It waB found 131 thllt I('t' 
develops a nonvsni shlng vaouum expec t a t i on value at any nonzero ooup
ling constant ~~. FollOl'ling /1/, we can rep l ace (1) by 

;/ = f [L iff'( f ' - o;.;OrfrP] - it/' , ( 2 ) 
r 1 ii' 

where a neutra l eca lar fie l d 0 ia i ntroduced. The equations of 
motion sre 

[ i1 -f .."(i(,,.!;)} tffx ,t ) = 0 (3) 

snd 
'" - fO{d.) -;0: - e7~,, 'i. ~r( ~( -\; )~ (~ tt) (4)

(j' r= i 

At 00 10 ,where (50 "'<O I ~ -tJ\o> -t (5o(,() is II vacuum expectation 
vll l ue of t he c omposed ecalsr tie l d , t he ~s invarisnoe of (2) 1s 
broken. Tha interaotion wUh tbe compoeed field 0" leade to a maes 
gap r'tl'\' ~ 8",,° in the fermlon1c apectrum. The equati ons (3-4) admit 

0 

i n the stat i ca l case the kink solut i on/15/ • 
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( 5 ) (" (~) == 00 tanh tn." X 
At fi n j te temperature ~nj chenica l pot e Cl tisl d the symmetry h rea k 

ing parameter i n the !JYRtem i s gi'.'cn hy the T ann d.- dependent quan

tity 00 (r,... ) =<0>. where <... ) denotes the g rand canori ical Gibbs 

ensem~le averagi n~ . r at he r tha n by the vac utlJ:l cX[lec tation value. tJon

vanishi ne; v·alues of eX- lead to f ini te fermion or a nt ifermion den!J i 

ties . This s ituat ion i s naturall:,' raali ?ed in condensed matter phy

!J ics. The examples Joped wi th donors or acceptors have the exc ess 

electrons (h ole s ) a nd oi 10. 
To analYEl e the g rollnJ ntate lYe s hall constrHct the effective po

tential of the system . Usi liG the ol.e-loop and mea n field approxima

tions we summari ze all one -loop g ra phEl ( see Fi g . 1) and obtain 

--*-- --0-- b ' '0': .. . 
, , ' 

FiC. 1. 
) / ~ I'L

(cr) l .L .1 ""'~· h. I ),0Perr ). 6 - I IV 2.. -- 1. - - - ' ( 6 ) 
. "., (bi) n e'i" ) 

J.. 

where the dimensionless parameter ), ~ (\Ij~", iE' introduced. At finit e 

T a nd dv we must replace 
0..

ko "'" \..w .. , J.-fio ~ i T2 where ~,,-: (2fl d )]iT - ifi.. . (7)
Jr: 

" :-""'0 

Eq. (6) reduces to 

12 1- ~ 2 

l(" W,," -;JD (8)
Pe(f(o'T,d.,) == 1(/ - .:iN'SA f en, 
k2+u)~)" ""-00o 

The sum in ( 8) can be easily found 

! en (w~ra1.) =: - ~ t- &[1rexf (d/ )J[1+-exp(<<;a.)) , ( 9 ) 

n=-oo 

and we rewrite (8 ) in t h e form 

8.JJ(rr TJ.) -= l(/- l JlTjJk ttl- (~t-e,(p(ci-!)J~~ 1' ellp (doif )l , ( 10 ) 

'-it I I J. 0 .iT [1 +e.xf (0(;*)]/-1 + (')(P (01;'')J 
wh e re CCk) -= ;//+ ~62 ' =- 11~111: I . 

~be basic state of the system c sn be determined by examininR 

the minimum of (10). Consequently , we must solve t he e quation 
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~ ). rJk _ .1£L] = 0 ( 11 ) ~ -=- 0[-1 - r. J T (J,£ .J,'nJ<T c r 

At f = d.. -: 0 the cronnr] ot a te i s tw ofo] d necenera te VI ith the vacuum 

expectation va llle 'l"N (J = !IN ?tO'" l/ll?;<f (- 'h. ) ,where 1\ i s a c~t
off mome ntum in (11 ) . lIe nce st A -; 0 f ermiono have mass trl~ · (o) = it'" 6;, 
When t he t emperature is i nc rea sed m~. (1 ) dec rea oe s and tends t o a 

ze ro va l ue at T ... Tc ~ 4:;'d~\ , where CUd -. dE i[1 Euler's c ona tant. 

At T > T" we have O~ :; 0 • The d1F'crete ~ .~ r.ymmetry of (1 ) is r es 

tored. In t h is case the topological solitons (5 ) are absent . 

Let us examjne the c ase di C . Accor~inp, t o /0/ ws us e the li 

mit 1-.0 . Then , we c an rewrite (1 0 ) tn the form 
~'-t,,-- l 

,<i "fI,,..IJ) OC' L 

Pe U (6', O,<i) :> ;/01
_ ;V[ JJi(ci-Ej· frJi (t 1) - 5- J (12) 

() 0 

It wi ll be not ed t hat a t d. < i.",.rJ the firat integral in (12) ia 

abs ent. It i s c onvenient to conElider (1 2 ) i n two cases . 

1 . J,et us d, <!rN O . From (10) we h ave 

[) f tI[ {Jr"O/ )L/? 01)' ] ( 13)le-U CcX .tgi-lo(J ) = TO 
1. 

.. JF J. 
L 

- J. - (I·A ftlJcNo-

The er.t renum of (1 3) te ke s place when 

or 1 - J. {/L ciA] = 0 ( 14)
:x !(....f) 

From ( 14 ) "e obtain t wo solutionA: {f " 0 end (5 : 0 0 ::: /';1,.,(o)/Je", 

2. Let d >J''''ous . Then 

n 2. )1 1. 

fe/f(ri>qr..- (f) -= t!.[ d _~ d..1:/u. J1'")L _ ~ + f/tN q-);Jd~f?j#i17

(F Jj).. l ~ ",,,,'Jj Jj J. th /" 0 j.( 15) 

The extremum point s of ( 15 ) are 0 = 0 and 

(1 6 ) 0 " = 00 Ig~(f- j' 

where d) 11Jy.(O}/,t • Summarizing a ll t he e olutlons we have the qua li 

t stive pic t ure g i ven in Fig. 2 (eee below ). The effect ive potential 

et the extremum point e hae the forms: 
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Pef( (o, d..) := C , 
(17 )RIf (tf, ,i ) :: t!.[1-7 _ (£';VOol ] 

0, JT 1. lj , 

PeH l 6~d- ) = '# (d.-J~~ t 
In acco rd a nce with ( 17) at 01. < d.( • Ivhere Xt = m,,(o}/II' th e mi nimum 

of Pe'f t akas p lace at the poin t (f " (50 wherea s at d. ?e d t (5= O . 
There is firot orrter phase transi t ion/ 18 , d6 

In r e f./ B/ t he c ri t ica l Jens ity corres p onding to the poin t ~ 
in Fi g. 2 was obta ined. I t is clear that the result /8/ is incorrect. 

At tX. " 4<- the topological solit ons disa ppear. On the other han d 

at T= 0 a nd d.. "-<i.e the width and the amplitude of solitons sre d.. 
i nrlependent. Us ing the c onnec tion between fermion de ns i ty a nd c hemical 

2 - - I 
pote nt i al rz = f f ""[f'Xf(':~~ 1] we have in the critical re

gion at T ..... 0 oft = tvdiJi • lle nc e 

/tin/f (O) 
(18)

ILe. £ $ 
q;4

3. ~ mode l v!l.t h fermion s 

The La g rang ian has the form 

J I 1. 2 .t A 4 '" - r ) I I) /' 

0( = I ( Jj) if) ,. f f'o « - ii t[ T ~ 4' (,1 -J 'f T . ( 19 ) 
;; f=i 

Contrary to (1) the morlel (1 9 ) c o~tains scalar bOGons as the funrla

mental f ields. ',Ve pay at tent ion to t he d ynamic a l term for the scalar 

field I{' in (1 9 ). I n what foll ow !] ws sl1a ll conai der only the case 

N=2. 

It is clear that eve n at the cla9sical level the potential ener

of (1 ') has min i mum at O~ ." <oi'f'lo ):: :!:/ohi: . The La g rangian 

(1 9) is invariant u nda r the discrete chiral tra ns fo rmati on 4' -? ~ s'+' 

and <f' - > -I{' • In the gr ounn state the reflection symmetry is distor

ted . After the shift tf -:. 'f t , 00 the field '(I hss a usual vacuum ex

pectation value <ol\f'/O )"' O. The twofold dege nerac y of the ground 

state l e ads t o topological soJ i tons 

( 20)l{ (~ ) ~ Oo .fa rl L~7fo . 
I/(e cons truct now th e eff ec t ive potential of the ays tem wit h Lagrsn

gian (1 9). The qua n tum correct ions due to fermionic as l'I e ll aa hOA O

n i c loops should be take n into account. The me thod developed i n ref. 

/12/ fo r f our-d i llla nsiona l mode 10 is used. In the two - r1imensiona l c ase 
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only logarithmic divergences fr om the one -l oop ~ra phA persist. In or

ner t o just ify the u s e of perturbation theory it 'Ni ll be 'l s!Hlmed tha t 

)" 9'« u! • In th i!' I, :.ce :,,) s r , ll ~onsider r,r. lJ t h~ r,r p -l o '-,p e;raphs. 

Fo llol'l i-flil / 12 / a t f1 n ite temoerature r,nd chemical potenti a l \'Ie heve 

, i C "- (21 )Peji (lf) P(Ill) • .L( 1,01)1{' , 

, i )
where P(lf) ~Lf ~4lf'1,J Orl,d.) - ,)A Jb ( l,J) .i//J.}i (i, d) 

, )":" -~ ~ / I l<'ra n 

tl, I J,01 ) ofT ;~ l)Jih Cvo J f j ./ JiI., 
_ <>0 W", .( T rr/~ 'l) =jJ lv-'- ~ i "-', I-d. ) 

~ ""'""' r (C" J C" 7I 

6..
1 
2, , "! '1}j,(; (7, <i ) '} WI jit..m:(r.:J.) ' . 

C( T,.J.) in div~rr.;e n t lor.;arithmically At k-.0O After renormeli
zation one can ob tain 

n
reN (tf) ~ 

p
re~ (tf) r 

1("11 1 
j Lx (r,.J.) If , (22) 

where 
K .t Ii!II.

() (T,J.) = JA ~ (f.,:1) - 1/ F (T,d.) 
( 23 ) 

snd 

~R _ 7 ( ) T} I ,/ ;nt/c) 1foo Ii ~ -fJr, ( r;.1. ) - ~ ~1. - I eJo = Ji [ n - . - {!:.. Ie r - I)
II/dr,d) 

T 
Jr (...'0 ( ' (23' ) 

o 

lr 
K 

I' ~ ,J) = 1F fr, .J.) - 1. ((1) :: J.. In /firM _ l. fOP J1 (UJ. d..)
j J: I'Jtt{T,i ) dT ;::;- F' r I r J (23") 

_00 F 

F ( ~ " f) 
1 

- [~:<f( w.; 'L)d 1 T 

Ie¥f{ W i ;~) r1} 

e,,('f ) iS J URt the ori Gi nal p o l :,rn ot1tal r( ,~ ) hut wi th mas s es reple

r eel 01 re norma li 7: ed v!llu!l9 9 t T d = 0 1 2 
, i . e . ' .J10 -J-' " /0 -r 

,)~ Ie, (o) - ~1' JF(~ The extremum of ( 22 ) tek n plDce i~ t he CDse 

~I - l L_ t - K - )] ( 24)' i)«! f=(5' - (y A(5' J Q (I,.J./() 0 

flo te that the mass of LI le Doo a f' ie l r1 has tll e f orm 

7 
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t "/Pelf / t J.. ~ 
mo;( ~,J.) e ~ lf' 2 /'f = (j ~ -}4 jAo ~ Q (1,..L 16) . ( 25)f 

" 
'!'he f e rmi onic mea a II/'f (T,d) "'" /}<T( 7icl) . 

At T ~ cl ~ C we have II)~(O) = 6A (5(0) - 1< ' .t L/' '!! here 
0-(0) := ~ ~T ia 8 renorma li ze d va l ue 'Of t he¥ vacuum expecta ti on . 

For th e t r i via l so l ution of (21\) 0 = [l we obta in J ~l'f' = 0 and 

})/~(Tlol ) = _4J.. .,. QK(7,ri. /O ) • At T= d -= 0 t he va l u e of O R{o) 
vani a he !1 . Ilence }loa e f i eld l[' hus 0 nonphysical mas s ond SSB tay.f'S 

p lace. 
Conr1rler now t he I'ontr i v ia l s olutionIS of ( 24). It is conv en i e nt 

o r elu 1 t e ( 2 11 ) i n the form 

, .t. r II 
1I1'f{7/ol ) -). 1< f-,iu ( l,"ItJ') --, O· (2(i) 

,Ye examine f1 ret the c as e c:;( :: 0 . I n t he a pproxirlati on T ,, > " If (T,..), 
/II~ ( T/ d- ) t he i n tegrals I n (2 11) have the form /13/ 

JII. 1 • Inffo) T 
I,l, (T) = ,h LIlItIT - -tJ JI/\f(T) + .f~ J E -< C[( ~~T)/J 

J ~ { '!.!!:iJ2} I 
t ·F (T) := ii, III J T -f- j~ j E 0 [(¥))'-J 

ThuR, we obtai n the eqlla t io 
.., . 

fHlf ( T) - p m'f( T) t- q = 0 I 
(27 ) 

Ivhe r e F -=- j,,,/- ~ CI'I. 1>If( 0 ) - ~JE • l.J...l In. 1J1tlo) + ?Jl}-r; 
J r. "rT ]I 1't 70 T i' 0 ; 


1,,3>'T.llt D~ O where D = ( ;)!> r( 1 / thereiset 

least one pos itive ro ot of ( 27) . The c r H i cal temperature obta i ned 


f rom t he prov in i on D= 0 hos t he f om 

Tc c= ; [-I - 1b(hTc:}]'})( , ( 28) 
::Jd 1\ 

wher e ~ (r ~ 1() = ~ I[H J(T) .. \ ] _-t[ll !!I!.). m~fo) d'E]J~ i -(by./.. J ( '7.t J,1,t ~'3 

i s a emsll correc ti on t o T =. Te • It will be n oted t ha t at d ~ 
the C ontrlbu tio)'1 from t h e bOBOI! loo po 1 r; cruc ie 1 . r\ t i =0 the re
suIt (28) 1e c onl;1iRtant w1th t ha t of re f a.!1U. At the crit i ca l 

point the order pa rameter 0 has s jump fr om (J'(hT~)oO.5?(J(o) t o 

(J-=O st T ?- Tc. • Ana l ogously, mt(I"\~);=O.57/l1 '\- IO) whe rea s 


I'll,\, ( T"I C) = 0 • The lDes s of t h e Bose fie ld CB n Le obta inod fr om 


u 

(27). !Ie h ave m'f' (r""7;. - ) =( 3~'L ~ t/?>", O, ~ Or '11~ ('T-in "'f rn~ (o) . 
At T >~:: the orde r p~I'9meter &-= 0 Ind m f {hic} ; - .1" 1(~). lIJl~<I{ T)) 
i.e . , Il1of (1 >T<) ", O,1n1.,(O ) • Thus, t he mass of t he fiold I{' hse a 

jump at T :: Te.. snd tends to a n onzero value . Thio resu lt is cons i s 

tent with the assumpt ion that at the s tructura l phase t ra nr,ltion in 

a one-d imensional aystem l'Ii th t he llam i Honian C(' 4 s oft p!1onon mod e 

is aboent. Note that in t his cose in (1 9 ) If is a phonon fte l d . 

Consider ( 24) at d.. F 0 . At T --> 0 we have Jr:i(C/i.)=J~tn "tf 
i • 

snd Jr, (0 , ~ ) --> 0 • Then Eq. (2~ ) has the f orm >.(5'\/- ftl1.!!1:... . 
Using t be equality n ~ .:Ld./;; we have "'. In) 

( 29 )
flr: :: I~(c} e"p (~~7J.t) 

4 
As oppooed to the GU morlel t he morlel tfF l llHl D new intere!" t1 nc 
limit . I n t h e caoe 'T f 0 we obt a in fo r T '» fH+ (1,ol ) i r' the c r i 

t i c e 1 region 

t (Toi.) := .i [V' A J~) - rl ] ( 0)
F ' J1i [., ,~ T ) 

cL. 
" here rL r • Thu s , us inc the l ee<li ng t e rms i n ( 2 ) "e have= 

~ _ JA r + ..1-
2
;: ( J1)Q (T, .1) - J.mf(T, J..) 1" 

Eq . ( 26) t akes the form 

~ Z 1. fL) o (3 2)ffltf (1, ... ) - (7 -! r 1l1f {T, 1) r ,j.A T 

From (J2 ) one fi nd s that 
.2 2_ ~ (;2'/3 

~., _ . / .t 1 (33)nc == Ie.1 J c. 

note tha t th e f i ret ano second t. e rms i n 0) are connected with 

the contributi on a f rom f ermion l c s nn bouon ic I o ope r e s pect i ve l y. At 
1 1 .t 

/I t.J ":J" the firs t term in (JJ ) i s c ruc ia l alld both (J{ 7<, n e) 

FInd nlot(T( ,n,) tenrl to a zer o va l ne / 17/ . If we r e tur n to the s t ruc

ture l phese tranoition th en t h is r esult implie s the sppeara nce of 

the soft phonon mode . 

4. The polyacetylene model 

The polyocetylenn morlel /11 may explain the e lectrica l, magneti~ 
opticel 'I nri tratloport propertieD of the (el-l ).: chllino on ihe hasie of 

the Boliton l c necllo l1 1sm . TIl(' Homlltonian of the model has t h e f orm 

4.~ 



~ ' /... :£ - )7- - r: ~H (J4 )
-=- r ~ d' ~ T ~ (/.. " - (1~ -~ i","~d C~ ."J'", s +- he) ) 

+- ' 
wt.ere ('",;, {('~,» crea t eo (;)r'li hilate s ) rJ hCl " ,l inr; JZ e le .::t ron :Jf 

s pin ,r; at site n (}.... is a r'ea l, scalar, Dose fi e U .le s c ! ' l; , i nb 
the coor c 1nete displac e~e n t of the D- th (CH) rroup, a is a spring 

constant, M is the t ota l ma so of the (('H) ,3 r 011p . In the tish t

<;.1.I." ,l ',,,; approximat ion a !l o p p ir ~; i r,t egral -t n,ntf has the form 

th,,,,, ~ I." - i r:J""-;jh.) . ~vhe re to is the b nppi nG integral f o r 
the unnimerizeu rllai,n an,l d' is the electror,- pllOno li coupl i ng ('onn

tent . , t ~ = CJ the Hani H ol1l 0r (14) i fl i r,va r b n t under tra ns f or 

mation ~~ ..... - on. At ;r -t 0 the ha a ip state i n tV/of o ln tlegenerate· 

'l'ha ', is (;oI1nis t C!H l.'Ii LlI Lhe: ,.., ;',,_l _ , heor cJ[, fOl ' th l.! quasi- o ne- uimensi 

o" ,,: J. sy~,' tems . 'rh e (: l oct ['ollic "p" clr:um exhioil ::; t h" ellerget icul r;ap 

( 2 ~o "" 1.4- 1. 8 en alld ( e li)x i s '-' ui e 1f'ctri c . The (;l1an~" of t he lat

tice period e;i VI.;~l r i s c' to u e llari ' C' de llsit ..' 'lIu ."/e ( t;J),1j wi t ll trw WH 'le 

vector k ~ 2l:F ; X/a" Wll ere UO' is a l a t t i c e c o ns t ant . Accordi l!f 

to (1 J the d e via l-iolls i n a pure [·0 ,,0 alter Lute u cO llIo rm(. liOI ,S l e ud to 

t opo l ogi cal soli tOT,S . 11. t h e c Ol,ti i. uum po l ;/ !lc e t :rlene modo'l t he soli 

t Oli solutiol! ha3 t h e fo rm [Zl 

f1 (x) = /':,0 tQl1h t:.;;; (JS ) 

anal ogous to ( 5 ). I II (3 ') ~-F =). to a0 tne I'ermi veloc i Ly , ~ =/ , 

Consider !lOW tile i n1' lu (: !,,:c ell' the fi Li ,0 t emper ature a lld a n 

electroll densi l ,Y i Jlcr~!.l;Ju 0 •• t he: P'OUl ld stale Ol tl1 ~ system. In thc 

mean f iel d approxima t i on . h , .. t h cuTlody r.lillli c {; j ' !U ,rl jJ ot ont i ",1 h us t he 

f orm 
l 

n r - - b 1 (vi -le)~ 1'1 ,= - ~ L \ en f +- e~p - - t- - .- t- Db )11 (t!.,rrci) tl L I r ~ li"toa
[ '1, 2- q (J 

c ~ J. } i.: "" ( - lJ.!!: (' -o - t ~ ~ )wh (JI'e CI,l -= ! / (r::. $lnq) .,. (.2 &'.1 (.OJ1) , (Ao " , f - tv' 1'/ - I - I - '< J 

6, is a E;ap i ll t h e e i e ctI' o lli C spe c lr'um , til is " nWn!)cr o r' li t oms 

in the chai n , OJ. =- Ai..: , oG is the cn emi c al po Lcn t i a.i . Tne u I,i
d J :tto 1\ )

f orm dimeri zat io), is eO lls i dereu 6, '" IJ (X , 11' th~ co n li nuum l J.lJli t 

we obtain from (36) 

K~ l 
(37 )12 (ll, r, e£) ;v~ Iclyl.[lt ~jfti/ ))[1 d!~f (ei;-fJ] f II~ol/-00 

;- IJ () 
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wh,J'o lhu e l eclronic npectrum [ = y' ~2 t- f;.L is l i neari zed i n the 

Vi cini LY of Lho Fermi po i nt s , K is a cutof f momentum. 110 te t ha t 

tIIO I ~rluld po tent i a l (37) is an analog of the e ffecti ve po Lent i £1.l( 10) . 

'fhun Lll u cOlmecti on betwee n c o ntinuum (ell )x and Gil mo de l s tak es 

plHce u L riui to T and d, • Contrary to R~P1' models t h e cutoff 

momo nLum i n err) has t he nat ura l s ens e due to t he Fermi poi.nts. 'l'h e 

.fuLL wid Lh of t h e Brillouin band is v.i = l./k'1J/.. r/ "" Jltlf"" = '-ito , 
Th e ext r emum cOlldi t ion of (37 ) is 

K~ IE 
'0i2 (b ,T,tJ. ):= t:, (i -)/j.:h. / h T J. - '\ "" 0 (38)

of::., <lO E (cJ.r ,cA. f ) J 

The parame t ers ~ o and 0 in the (CH) model a re we ll e st imated.<1 x 
Eq . (38) VIas c arried out numerically (see Pi g s . 2,3) . 

~(QV)~ (e'l) 
o.ll , 0,1 

I T(ev)~! ~~ 
o 0,'1 

Fig. 3. F i 

It will be not ed that the co ndi tions (38) a nd (11) are equiva

lent . He n c e the ElJlalytical i nvestigat ion of (38 ) is compared wi th 

that of (11) . The results are the following . At c/, = 0 the gap b iT) 

de cre ase s from the value 6.( 0) = 0 . 7 eV t o t, 0 for 1:1( = ~ 
according to Fig . 3 . At d." 0 and T--- 0 (.:I.» T) the two limits 

t a ke place . At (:;, > dv the minimum of (37 ) occurs at 6(0) =Wf'!~iJiJ."" 
o. '( e V. At/::; < d.. the extr e rJ1lm poi Jl L!oJ are t, = 0 and r; = /),(0) 6/.) -1 , 

'rh ese so l utio ns are i n comple te agre eme n t wi th the lilles i n ~'ig . 2 . 

Por the numeri cal i nvest i gat ion the i n t erval 250K <. T "' 350K was used . 

All the re s ult s are IlS a m" l ter o f fact temp era t ure i ndep e ndent. 

At oL:> cJ. c . ."lore d, = Ji ' the symme try of the s ys t em is res

tored . Us i ne the cOfl J1 e c ti on YL = JrJ../1 i!i we ob t a in t h e c r it ical den

!.Ji t y 

tJ 6. {o)nc =- (39 ) 
yr V~ 

No l e that if t h e va.lue Tt. ~ 4 000K is r emarkably h i ghe r comparing t o 

II 



l e v e l when the dop ed truJl :J-(r:l I ) ~, r- xl unplo:J Iltlvu 1.110 met.f.1.11 i c proper
-t be fusio rl t '>JI r]J"rflt u l'C of ( CI1 ) x ' t n" ll the cri tical OCll s ity ( )')) j,s ti es. The size of t hJ.s l'Cr:lOIl I" '- ')Il " I"" l l' ,1 wi Lll lho do p ill!,: process, 
i n 	 good " <- , " e mell t wi th , 'x )J p r i,,":.' tll '"l Jr ' ~l1 i ll dopu J t J'.u IS - ( ell ) " t Y l)'- of the dO PWld, "I c . ( r I ;:""en :) I. hll l I II 111< .' ('W'" o f LIlt' lod ine do
chai ns . 1,UI. us yL = II, /li o whe n : 110 - 'lao i s a d " n 8 i t y o f i' ('le c p amls Lhis r e g i on l , 1 l1h ~ , II I ) . 1" t il.., Icrl1J, ,>1' llll w lno"r'","ow] distribu
troIls i ll l il t' ]Jure u nd.cf oru';e d «(;II )x. Ac con.ll ng to (J9 ) the va l ue 1' tion of t he d op.u rd I I ." II 1ll l ll l 1 i , ' lulUl,du wL" , til!' , . i t iccll v Jl lue Yc..
interpolu k G ,)ct W(,C Il L. uUJ " y,- < o. V ! a t 0.7 e v < 610 \<.0.') e V. AG a r c f o rmed. J Il U~ ll b IJrn u r. '"l ll l l'-J tJ :J \': 11: 14.' Lft LJ f .ir :l l WI'rj ,· " pha Se l X'B.nsi tion 

Y) Yc ill r:ap .iI' t he d ,c- e tl'ollie s pe ctrun lOlli d wHpli t ud e soli t o n s 

lJ5 ) disappeal' . 1 11 ihl' l i mit ~ -) ° al l :r bounds a r e dest ro'y ed a n d 

l he s yS It"" "J' iiJl!Ji' orliJs to " mGtlil. 1'/,. p r opo s e d in r e L [13] t ha i all 

X e.l e c I r OilS ".ere elo cL d (; 111 carri ers in this c a s e. ::;everal (!xper i 

mental r ec;u.l ls lw vC' ue u, e x p lai n ed qui t e COI1Vi llci Ilg l y wi thi n t h is 

p r opO Gul. 111 r ei '. [ l(J] the Cl l e d rl. r al (; o IJducti v i t y of t r ans- ( Cll )x 

wi th As 1'\ d opi lllr, was mc u s u l"c d . 1 1'1 tne re g ion 0.01 < y<.. 0 . O'{ the con
;J r. 1 

duetivit y incJ ()Lls (;S I r on, th e vul u ," () =10- ::> (D' r. rn )- '~ 0 0 =2.::' 

1 '1:' (D . c ,-'. Above dopi ng lev e ls of Y~ 0 .07 a me t a llic beh aviour 

is ob se rv e d . 

'['he measurement of l.he pur B1l1ogne t ic Pauli susceptibility Xp 
i ndic;ute d t hat a t 0 . 0007 ( y" o. O~ the value 'Xf vanishes wh ereas 

at y.~ 0 . 1,)7 t J1C I'Buli con t r ii;u ti on a bruptly increases[20] • Above 

~ = o. o'r t h e value .Yp is in o.p: r eement with that for the metal 

wi t h half-filled bUild . 'I'he ilJ c rea sc in 1p above y = 0.07 was dis

cus s ed as a consequ enc c o f cl o s i Jlg the l e i l.; rls gap L20] • Similar re

sults W8re obtained in L,o i h optica l gap au sorptionl21] and ihermop ow

er[22] exp e riments. 

Howe ver , it was Sl I0W" ill r e f s . II 0, llJ that at y<. yc. and T = 

300K the soli LOl l l a t l i ce p h£l3 c is r e al ize d as a bas i s st a t e of the' 

Peierls sY 8 t cm. At y). Ye. there is a c o n t i n u ous t r ansition to t he 

incomrne lillu r ai c el.M . The e;a p i n the e lcc t roJ1 ic spe c t r um ne ver closes, 

and no metal trans ition t ake s place. 

o te that t he i n t e grub le model c on s i dered i n refs. [10, 11J differs 

from the p r i m8.ry tran s - ( CH) x model [ 11 • III the continuum approxima

tion the static equations of the model[l] con tai n the ter ms 6. "J(, 
'VX)( , ~ ~ 'f-'" . ( see r e f. In] ) which h a v e been drop ed in r e f s . [ 10, 

11] • At sufficiently hieb value of y the role of these terms in

creases. The sy s tem becomes non- int e g r able and the p r oposal about a 

soliton lattice format ion i n t he highly doped t r w ls-(CH)x is opened 

to speCUla tion . On the ot h er hand i n r ef. [2 2] t h e me t al t r a..."l sition 

in a one-dimens iona l trans - ( CH) ch ains has be en ob t aine d in acc or-,
x 


dance with the a bo v e - ment io ned me ch ani s m. The f ur the r increas e of Y 

can lead to the i n commens ur a t e CDW phase transition. 

Thus, we suppose that there is the small region of the doping 

12 

l. uKl:S p .l llC" u L ~ ::: yc. Hltd 1.1.1 T - 1 ' ()(I t.J ~; 111"(' lh-Ll ~ I'o,yed . 

'I'll l! I t.:mpu , ' /&I.u 1' 1' Creel! IU Ilc Li.o ll lech ru q uc l~l l o\\l!J us to study the 

i LC1u e ll l:l' ot' q UlulLum rl u O:: L llI-, ~ .i. o l1~ ot' Lh e h,,,,c fi , 'l d OIL t ltv structural 

pj IllS (' ~ tl ".1 J;; .Lli o li . Fo l lowi llt; ( 28 ) Lhe value 'C , = O.3b " r';~ ','/l , C i '" E~ ="!!if- . The pho llomeno l o[,;l. cal model c.('4 ~ as UGe u to uescribe the 

pol j' llc e t y lene propel'Lies[24] • 'l'akinc; iIno uccounL the vCilue of 

EO 	 = ¥) [24] we obtain the critical tt lilperuture T":,,,0.166(0). 
• ,,7T _ II (0) 	 c 

In the G;, model we had I .... = 7 = 0.57 r:, (0). 

'rhus, TL~/T = 0.2b. This result is in c;ood agRemeIlt with the 
< 

proposal that the criticul temperature is de creas~d to a quar t e r of 

Tc upon including t h e Bose-fields fluctuations (see r e i. [ 23J ). 

In conclusion we note that the f(J[tWlate convergence uetween 

condcnsed matter and relattvistic field theories gives rise to the new 

principial results. We hope that this will stimulate new investiga

tions in this area. 

The authors are grateful to A.D.Linde for stimulated ooaversation 

and to S.A. Brazovskii for critical discussion. 
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OI~.III1~)J' II. 	 EI7-sr)-629 
"0.1,"'11111011'111 f'III I I I '~ IlItll~1 1I '1"'H IIf' p. I 'I'YPbl 

1.""" 1. 111, ' II ''' '/u'TIlPMX I!HYHl' plIIJ 

It rr"' II I , II ~l' III ' '' ' '''' 

II 11 1'111"1111"' 11 1111 l.'III'HI!l'j'(l II llJ III 11 ;1 UCIIOII~~ IPUPM;lJl WIM,1 MaL\y6a 
PI,I 1 IHllIl'lI" l lllldllllClot mWI'Jl,IMMIIOI I T(! l<llHKH cIllalili tl il H 

' :'I' II),K IY P d unllltHluJ'(I t:ClC'I'UIIIIII H U KOHTH tryaJlbllOH MOJ,leJilI 'I'pallc
lI (lt rll ll\eT~l1Ie l!a I! AB YMepIlhlx / I + I / MOAeJl RX KB3HTOBOii 'reo pHH 1l0JUJ 

np lt KOlle'l llblX 311il 4eHmiX Te"mepaTypbJ T Ii XHMH4 eC KOro nOTeH~HaJ1a 

q,e pHHoHOB (I • TTon Y'le Hbl KpHTH'-I e CKHe 3HalleHHR T c Hac .npH KOTO
PblX BOCC1'ilHaBn HB a e 1'C R cHMMeTpHR CHCTeMbI, CnOHTaHHO HapyweH
HaR npH T = a = O. nOKa 3aHa B03MOlIOlOCTb CYlIleCTBOBaHHR MflrKOH 
q,OHOHHOi:{ MOAbl B nerHpOBaHHblX OAHOMepHblX npoBoAHHKax, IfcnblTbI
BalOlqHx CTPYKTYPHbll'1 q,a30Bbu1 nepeXOJ,l. I1peAnolKeHa HOBaR HHTep
npeTa L\HR nepeXO,ll3 AH3J1eKTpHK-MeTa.rm B nOnHa~eTHJleHe. 

Pa60Ta llbIDOn HeH3 B I\a6opaTopHli TeOpeTH'leCKOii q,H3HKH OH5m. 

ITpenpHHT O~~e~HeHHoro HHCTHTYTa HAepHWX HCCn~OBaHHA. nY~Ha 1985 

Fedyanin V.K •• Os ipov V.A. EI7-85-629 
The Effects lIue t o Finite Temperature and 
Che:n ica l Po t l!nti al in Two-Dimensional Field Theory 
Models a nd Polyacetylene 

In the mean field approximation using the diagrammatic 
Feynman t e c hnique, t he s tructure of the ground state in both 
the cont i nuum poL ynce t y l ene model and two-dimensional quantum 
field theory mode l s a t f i nite temperature T and chemical po
tential o f [e rm i on s II i s inves tigated. The critieal values 
Tc and (Ie a rc obta i ned . I t i s found that a symmetry which is 
broken a t T = u - 0 can be r es t ored by raising T or u above 
cr i tica l va l ues . The:: common f ea l ur e s for the conde nse d matter 
and relativis tic fi e l d t he o ri es an.: observed. It is shown that 
soft phonon mode i n t ill' OTH'-dillle n s ional model for :;tructural 
phase transitions i n the doped c o ndu l! tors can be presented. 
The new interpre t a t io ll ll f the di c l e c lric-me tal transition in 
tile doped trans-po l y a ce l y 1c nc i s introduced. 

The inve s liga ti o n hilS bee n perfo nned at the Laboratory 
of Theoretical Phy s i c s , J INR. 
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