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ABSTRACT

The lnfluence of quantun lattlce fluctuatlons on the one-dlmenslonal
nolecular crystal Pelerls Lnstablllty ls analyzed through the nenormalization
group and the functlonal lntegnal technlgues. The analysis ls nade for
splnless electrons ln the half-fllled band case tnctudlng the effecL of
electron-electron interactlon. The 'comparalson wlth Monte Carlo
sinulatlons is also brlefly dlscussed.

INTROIX.ETION

Recently dlfferent approaehes have been used t,o sbudy Lhe contlnuous
suppression of the zero tenperature l-D Pelerls onder paraneten ln presence of
guantun }atttce fluctuatlons [1,2]. The. fr.nctlonal lntegra] approach coupled
to the renonnallzatlon group technique ls partlcularly lnterestlng for this
problem slnce lt allor.rs a eontlnuous control of the valtdlty of the Peierls
order paranater {ln the Landau sense) as a functlon of, the phono[ frequency,
Here we rlll brtefly lllustrate lt for the l-D Moleeular Cnystal (l'lC) model in
the splnless half-fllled band case where fon non-interactlng electrons
nunenlcal slnulattons are avalable [2].

RENORI.{ALIZATION GROUP RESULTS

As sholff! ln ref . I tai , the

partitlon funct,lon Z=Tr exp(-FH)

as:

funcb tonal lnt,egral representat !.on CIf t he

for the nnteracf lng MC model can be wrl t t,err
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where the varlous pants of the euclldean actlon S

and c-number phonon (O) fields are glven by:

f unct l onaL of Grassmann ( 
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where Do{r,.r.)=-M-r{*"3r-t and Go(k,on)=[t&, -vr(rk-kr)l-t."" the bare phonon

and electron propagators wlth ," and ,, asr thelr respectlve Matsubara
frequencles. tt-=,lKtl,t ts the rnolecular phonon frequency, K is the elasLlco

constant and M the lonlc nass. The electronic spectnum has been llneanized
around the Ferrnl level where p=t stands for nlght (+) and left (-) noving
electrons, v"=2t(kr) ls the Ferml veloclty (momentum) and Er=rrk, (Eo= 4r, '"
t,he Fernl energy (band wldth}.. Fot! the lnter:actlng parts Sr and S^, B" and I
correspond to the forward scatterlng and to the electron-phonon coupling
conslants respectlvely. Note that the coupllng to phonons near Zk, and q r 9

ls considered. }Je apply a Kadanoff-l'rtlson type of transformatlon fon z Ital
where we lntegnate the fermlon (F) degnees of freedom inside an outen energy
shell of thlckness Eo(Uduzoat t,he p=! band edges and for all on by keeping
the c'a flxed wlth Eo(0)=Eoe-o as the scaled band wldth. conslderlng s, and s^
as perturbatlons, this can be fonmally wrltten as;

s"tU: F] (utrIf*, V,,1,",g,01 + srIF* ,V,,1,*,p, d] ]

+ 6StOl + OSIp*, r/] + dSn[,pn,,lr, d]].

Successlve lntegratlons of fermlon degrees wllI then lead to the
.renornallzaLlon-of each term of the full actlon. Furthermore the parLlal
trace operatlon wlll generate for 6S[Cl an lnflnlte serles of new phonons

terms to all order ln perturbatlon theory. Focuslng on the phonon part of the
action we get at the step C and up to fourth orden ln @'s:

z= io*.o*or *solol fpp.np e
Jr t0l Jo=
Ao

= lo,r*o.poo exp{s br,o ,u, dr )

Ju c 0l
(2)

stot = 
XU":.":., 

r+z),zK-ux[0(q, r*,r) ] )J lote,r*) l' -rrrrrY*rtr_[{q, c.r}, rJ x

x Q(er+zkr, r*, )0 (q"*zkF, @*z)d(cu+zkr, r*)0 (qo*zkF, or{ ) + B; i tq, o}, aJ r

x C(cr+zkF, o*r ) 0* (q.*zk', rrz)d(%,o*3)O* (qn, rru)) *. " . . . (3)
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bubble insertlon whlch has the power law slngularity Z({)= -(Zni)-1[e78-1] at
vFq = oD =0, wlth the exponent I = g2/2lt ln flrst order of the RG. The

quartic terms ln (3) correspond to the mode node coupltng of the {'s through
fourth order fernlon loops (Bn and B'), Quahtun lattlce degrees of freedom
are present through bhe l'latsubara frequencles of the phonon field. The phonon

softenlng at or=0 leadlng Lo the Pelerls instabillty wlll then be affected by
Lhese quanLurn effecls. In a one-Ioop scheme vhere fon these quartic terms, an

lnLegnatlon over two external phonon llnes at o"*0 ls perforned and lhe
softenlng condltlon for the Pelerls lnstablltty reads at U={n(EFl\F) Ilal:

1 l={zrrKrt)-1 [tnrzTrr]r -r] + A(l,,rn) = 0

leadlng to the power iaw decay

/ U+A( tr, ,o ) [ 1*]3 (znKty) -1 
I 
-lJr/T.J

'F rpv
!rI
},IF XF

Therefore

depressed

rrl =0 ( A=0 )
o

contribute

t'he renormalized mean field (xr) Peierls t,emperature T.._ is
HF

compared to the adlabat lc result To--= E-XZ'T tl t*I'z ]|rt whenilFF
and where f=xzl}rKtt At flnlte u quantum anharmonic t,erms

ts A(I, o ) which is found to be: 
o

o
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order fermion ).oops and thelrs vertex parts are
In the non interacting Limit T )0, the MF

reduces to [ 1a]:

/Bt [t urzri, ) '- tJl F]rw 
"tz 

cot n ( Firca o/z)- t , ]

2( 1+y1

which now decreases exponentlally, Here To = E exp(-2nKt,/l?). In 1-D sysLems

there ls no long range order at flnlte temperature but To and TxF stil]
renaln as characterlstlc.ene1gles tor the true Pelerls gap A at r=OK whlch in
turn, ls proportlonal to the ground state 2k_ dlmerlzatton 6, It follows that
the ratlo (51r.)z(5to) ls equat to ({u({.' ,n above results could then be

compared [1a] to the Monte carlo slmulatlons of Htrsh and Fnadkin lzl
perforned ln non-lnteractlng case. It was found that the depresslon of the
dinerlzatlon wlth to ls very fast tn agreement .wlth the exponentlal decrease,o

of (5). ilunerlcal slmulattons however, lndlcate that there is a large but
finite phonon frequency above whlch there ls no dlmerlzed ground state. Here
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ln the non-adiabatlc ltnlt, the 2k, electron-hole bubble ln presence of
absorption and enlsslon of vlntual phonons teq.(5)] can no longer be evaluated
by taklng the adlabatlc llmlt for the fourth onder fermlon loops Bo and B',
Actually, whenever the weII knovrn non adlabatlc condltlon 2zTlr> r.ro t31 ls
sat!.sfied one should recover the complete lnterference between tL peierts anO

the Cooper channels of correlatlons [4] vtrlch ln the present case ls knor+n [5J
to destroy cornpletely the Pelerls gap.

CONCLUSION

In concluslon, we have applled a Kadanoff-llllson type of renormallzation
group approach to a functlonal-lntegral fonnulatton of the 1-D Molecular
Crystal model. For the spinless half-ftlled band case lrtth and wlLhout
electron-electron lnteractlon, a one-loop scheme approxinaLlon for the quanLum

part of the node-mode phonon coupllng tenm allows to follow contlnuously Lhe

suppresslon of the Peienls orden paramater wtth the phonon frequency up to lhe
non-adlabatlc donaln. In the non-lnteractlng case, the ground stale
dimerlzatton 1s found to be exponentlally suppnessed, a result whlch is
eompattble with the Monte carlo slmulatlons. The inclusion of
electron-electron lnteractlon ls stralghtforward and the decay of the
dlmenlzaLlon vlth fnequency ls found to be power law llke with a non-universal
exponent. Generallzatlons of the approach to electrons wlth spins and for
non-half-fllled band case are also stralghtforwand.

Acknowl edgenents

The authors would llke to thank S. Barlsic for useful remarks concenning
the limitations of the pnesent approach ln the non adlabatlc Iimib..
Discusslons vith Dr J. volt and Prof. A. BJelts are also greatly
acknowledged,

References

1 a) C. Bourbonnals, L. G" Caron,

Metals A27 , ZT ttg88 ) ; b) H. Zheng,

B3g, 940(1989) and this confenence;

and thls conference.

2 J. E. Hinsch and E. Fradkln, Phys.

3 S. Barls ic, Mol . Cnyst . Llq. Cnyst.

4 Y. A. Bychov, L. P. Gor'kov and tr.

J. Physique 50, 2751 ( tg8g); Synthet lc
D" Felnbeng and M. Avignon, Phys. Rev.

c) S. Aubry and P. Quemerals, prepnlnt

Rev .F'27 , 1680 ( 1983 ) .

x1s, 413(1985).

E. Dzyal osh!. nsk I 1 , Sov. Phys . JETP

n, 4Bg( 1989).

5 L" G. Caron and C. Bourbonnais, Phys. Rev, BZT, 43OZ(1g84).


