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We show that the conclusion on the breakdown of the standard small polaron theory made recently by E. V.
de Mello and J. Ranningg¢Phys. Rev. B55, 14 872(1997)] is a result of an incorrect interpretation of the
electronic and vibronic energy levels of the two-site Holstein model. The small polaron theory, when properly
applied, agrees well with the numerical results of these authors. Also we show that their attempt to connect the
properties of the calculated correlation functions with the features of the intersite electron hopping is unsuc-
cessful.[S0163-1829)02014-7

1. In a recent publicatidnde Mello and Ranninger have phonon (vibron) coupling. In the strong-coupling regime,
analyzed numerically the familiar two-site Holstein mddel wheng?— =, the narrowing is described by a simple expo-
of a single electron coupled to an intrasite vibration modenential dependence anas
The model is the electronic doublet;, ¢,, describing an
electron localized on sites 1 and 2, respectively, plus the t* =t exp(—constg®). ()
interaction with a vibration mode. The overlap f and ¢,
leads to a splitting 2 of the doublet in the absence of the
interaction, where

The exponential dependence, Ef), is readily derived by
the use of the familiar double-well potential moddtolaron
tunnels coherently within the narrow band at low tempera-
tures (while the thermally activated hopping dominates at
t:j d* Had, dV; (1)  high temperaturés). The numerical solution for several vi-
brating molecules coupled with one or two electforére-
vealed an excellent agreement of the numerical bandwidth

He Is the electron Hamiltonian. The Hamiltonian of the i, vhe analytical Holstein and Lang-FirsgkF) results at

model is given by

largeg.
p2 M 02X 3. However, de Mello and Ranning}earrived with an
wo . . . . .
H= — —gx(aJ{al—azaz)—t(a{aﬁa}al). opposite conclusion. On the basis of numerical analysis of

2™ 2 the same problem authdrslaim in Sec. Il that:

@ “...the LF approach, which is generally believed to be-

Herep, X are the momentum and coordinate of the vibrationcOme exact in the limit of antiadiabaﬂCity and an electron-
mode, M, o, its mass and frequency, respectively, andPhonon coupling going to infinity, actually diverges most
al,a; (i=1,2) are the electron operators. Equatignis an ~ from the exact results precisely in this limi." (p.
invariant with respect to the inversiox— —x, (1,2) 14 883.
—(2,1) and the parity is conserved. This model is an ex- In Ref. 1 the “LF approach” is identified with the lowest
treme simplification of the small polaron modelt B the  (~t) order in perturbation theory. We do not agree with this
analog of the electron bandwidth in a crystal. identification, since to go beyond the lowest approximation

2. One of the basic results of the small polaron thé8ry  was a central point for the authors of Refs. 4, 6, and 7. These
is the narrowing of the electron band due to the electronauthors did not provide any physical explanation for their
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drastic disagreement with all earlier results starting from thdn other words, in Ref. 1, authors had compared the values of

pioneering work by Holstein and including the kinetic theory the essential different nature. This is the source of the above-

of strongly coupled electron-phonon systems, in particulamentioned drastic disagreement.

with the theory of high-frequency conductivity? 6. In Ref. 1, Sec. V, authors have calculated the electron
4. In Ref. 14 we have recently developed the analyticadipole momentungthe authors of Ref. 1 have connected this

approach to the two-site model by the use of the expansionorrelator with the charge fluctuations which is not quite

technique, which provides the electronic and vibronic termscorrec) and the vibronic coordinate correlatdeformation

as well as the wave functions in any order in powers.&f  dynamics correlator in Ref.)1

the second order ihthe doublet energy of the ground state

E- is given by Xor TV =((N1=N2) (N1—N2))o,  Xud T)=(XX)g, (6)
t2 where(- - -)q is the average over the ground statg. No

E:=it*—E, t* =texp —2E,/fiwy). (4)  analytical examination was made. The authors of Ref. 1

p pointed out that the calculated curves which represent a func-

tional dependencg(7) (Figs. 11 and 12 of Ref.)Imay be

—n2 2 ; ; _
Here B, =g%/2Mw; is the polaron shiftthe following des presented as a superposition of slow and fast oscillations

ignation is used in Ref. 1Ep=a2ﬁwo). The first term de- . . L~ ~
scribes the splitting of the doublétomponents of the dou- ywth the frequencies of the fast oscillatiohend w, accord-

blet have opposite paritcorresponding to the bandwidth in N9 for xan(7) and x,(7) (we do not see any reason to

a crystal, as discussed above, while the second term is igentify t with “renormalized intrinsic hopping integraf ).
correction to the polaron shift of the whole band due to theThey claim that when these frequenci@gich are certainly
virtual transitions to the nearest-neighbor site. The exponen=wo, see Table | in Ref. )ldraw together, the qualitative
tial reduction factor was found in all orders bbf the per- changing of the electron transport mechanism takes place.
turbation expansidff in agreement with the standard result, No physical argumentatioteven of a qualitative naturéo
Eq.(2). On the other hand, the corrections to the atomic levebupport this assertion of the authors has been given.

are relatively small as @f rather than exponential. 7. We note thajy(7) may be represented as
5. In Ref. 14, Sec. VI, it was demonstrated that the afore-

said statements of authors of Ref. 1 do not correspond to x(N=> aZe im0’ fw,o=En—Eo,

reality and are only due to the fact that they failed to notice m=#0

the above-mentioned difference between the splitting of the

doublet’'s components and their shift as a whole. This is the an=(VA¥y), (7)
result of the methodological defect of the approach Whichq,
was employed in Ref. 1. Instead of a direct solution of th
guantum-mechanical proble(to determine the energy spec-
trum and the wave functiopsthey calculated a valugvhich
has no direct physical meaning

m» Em are eigenfunctions and eigenvalues, accordingly, of
€he Hamiltonian Eq(2), A=n;—n, or x. The summation in
Eq. (7) is performed over the statéls,, with parity opposite
to the parity of the ground stat&, (selection rules for the
operatorA). We note that the frequency spectragf, and
Xxx are identical.
met(ala»i, (5) There is a connection between correlat@s (7), and
corresponding generalized susceptibilitiegw) (see Ref.
<. . '>i , (i=+, —) is a quantum-mechanical average on thel6). Herew is the frequency of an external disturbance. For
one of the doublet’'s component. This approach would elimiexample, the complex polarizability(w) of the considered
nate the possibility to make such an error to a considerablgodel may be expressed by the Fourier transform of the
extent. They accepted implicitly an assertion t&gt, is the correlator(6)
analog of the electron bandwidth. No explicit wording of this

ia2]2
S . . . iecls fe .

a_lssertloni IS given in Ref. 1. However, this wrong interpreta- k(w)= - e @Iy (1) —xo( —7)]dT,

tion of Ey, is forced, because the authors of Ref. 1 have 0

compared it just with a small polaron bandwidthin other

cases such comparison would be irrelevant, since authors of 6>0,6—0. ®

Refs. 2 and 4 never calculatég, | is a constant with dimensionality of the length. An imagi-

As it was shown in Ref. 14, this assertion is incorrect. Letnary part ofx(w) is
us denote a\E' a correction term to the energy level
which is generated by the last termt of the Hamiltonian ie?|? )
2. In fact: K'(0)= =2 aff 8w om) ~ 8ot om)]. (9)

1. E};, is proportional toJAE'/4t (rather than taAE").  The valuewx”(w) determines an absorption coefficient of
The average5) decreases whejg| increases as a power of electromagnetic radiation, and the valuga2, determines an
g2 (~g 2 for g?>—o; see Ref. 1§ but not exponentially.  absorption intensity for the transition-@m. Due to the pres-
ence of thes functions in Eq.(9), the absorption process in
2. Analog of the electron bandwidth is the differencethe given frequency range cannot be linked causally with
SE=|AE"—AE"|, but notAE' alone.SE contains the ex- another one in the other frequency range. For example, a dc
ponential factor(3). conductivity of the semiconductor does not depend on a



12134 COMMENTS PRB 59

higher empty band contributiaf@nd vice versa, the intensity lowest adiabatic potential curve has two minima, which are
of the interband absorption does not depend on dc conduseparated by the energetic barrifrcalized regimg for 74
tivity mechanisn. >1 the barrier vanishedinerant regime Ref. 14. We state,

It is natural to identify the frequencies in Ref. 1, Figs. 11that in the range of the parameters, which considered in Ref.
and 12, in the following way: the slow oscillation corre- 1 the itinerant regime was not yet realized.
sponds to the widtBE=2t* of the lowest doublet, Eq4); 8. We have checked and proved thatder right interpre-
the fast oscillations correspond the frequenciedE/A in  tation, naturally the numerical calculations presented in
xni(™) @nd x(7) for that the weightsa? [see Eq(7)] are  Secs. lll and V of Ref. 1 agree satisfactorily with the
maximal. The slow and fast oscillations are located in differ-Holstein-LF approach fot/Zwy<<1. The deviations which
ent frequency regions, therefore changes in the higharise whent/Zwo=1 may be explained qualitatively in the
frequency region cannot modify the low-frequency electronframework of the adiabatic approach.
transport mechanism cardinally. Finally, we note that the authors’ assertion in Sec. V,

For these reasons, the aforesaid assera@e above, “\we notice that the charge dynamics qualitatively tracks

point 6) is unfounded. And again, the source of this error isgjgpally the behavior expected on the basis of the LF ap-
of methodological character. This situation would be eX-proximation in the antiadiabatic limi.. ” (p. 14882,

cluded, if instead ofy(7), which have no direct physical

meaning, they have considered the complex polarizabilit)PbVIOUSIy glas_hes with fchewstatement in Sec.($|d_ae a_bove,
K(©). the quotation in our point)3No comments on this discrep-

In Ref. 1 the authors touch upon the subject of a boundarf?ncy are ?'Ve.“ in Ref. 1. hat althouah th ical cal
where a localized regime changes to an itinerant one. In OL1I’ _In CO.ncllQJS;:Orl, we state;[ at a(; fOL.J? the nurr]nerr:cg caicu-
opinion the boundary is determined by the paramejer ations in Ref. Wzlre performed fairly enough, their inter-
=t/2E, [#, is the parameter which was introduced by T. pretation is untenable.

Holstein; the small polaron appears whep<l. Also this One of us(V.V.K.) acknowledges support of the work by
parameter determines a correctiont) to the overlap inte- RFBR Grant No. 97-2-16705 and the Ministry of Science
gral between the site-localized functigns-or ;<1 the and Technology of Slovenia.
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