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We report on the first optical measurements of the rare-earth tri-telluride charge-density wave systems. Our
data, collected over an extremely broad spectral range, allow us to observe both the Drude component and the
single-particle peak, ascribed to the contributions due to the free charge carriers and to the charge-density wave
gap excitation, respectively. The data analysis displays a diminishing impact of the charge-density wave
condensate on the electronic properties with decreasing lattice constant across the rare-earth series. We propose

a possible mechanism describing this behavior and we suggest the presence of a one-dimensional character in
these two-dimensional compounds. We also envisage that interactions and umklapp processes might play a
relevant role in the formation of the charge-density wave state in these compounds.
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I. INTRODUCTION

Low dimensionality is an important issue in solid state
physics,' owing to the general tendency of low-dimensional
systems to form charge- and spin-density wave (CDW and
SDW) states.>3 CDW and SDW phases are broken symmetry
ground states driven by the electron-phonon and electron-
electron interactions, respectively. These phases, from the
electronic point of view, are induced by nesting of the Fermi
surface (FS).? Besides the single particle gap excitation,
the density wave states are then characterized by the forma-
tion of the collective CDW or SDW condensate.? Density
waves have been observed in several materials such as
linear-chain organic and inorganic compounds.? Strong inter-
est in low-dimensional systems has also been brought about
by the considerable deviations of their normal state proper-
ties from those of a Fermi liquid.“’7 In one dimension, the
Tomonaga-Luttinger-liquid or Luther-Emery scenarios, im-
plying phenomena such as spin-charge separation and non-
universal power-law behavior of the spectral functions, are
most suitable.” In several cases, characteristic and peculiar
power-law behaviors were indeed observed in the spectro-
scopic (optical and photoemission) properties of various
quasi one-dimensional materials.>”’ It is worth noting that,
although the theory of density waves is well established in
the one-dimensional (1D) case,? little is known about the
two-dimensional (2D) case.

Another class of compounds, which recently gained im-
portance in the study of density waves, are the rare-earth
tri-tellurides RTe; [R is La—Tm, excepting Eu (Ref. 8)].
These systems exhibit an incommensurate CDW, stable
across the available rare-earth series.” All these compounds
have the same average crystal structure (belonging to the
Cmcem space group'®) made up of square planar Te sheets!!
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and insulating corrugated RTe layers which act as charge
reservoirs for the Te planes. The lattice constant decreases on
going from R as La to R as Tm,'? i.e., by decreasing the ionic
radius of the rare-earth atom. Therefore, the study of these
compounds allows one to investigate the CDW state as a
function of the unit-cell volume and in particular of the in-
plane lattice constant a, which is directly related to the
Te-Te distance in the Te layers.

Metallic conduction occurs along the Te sheets leading to
highly anisotropic transport properties. For instance, the ratio
between the in- and out-of-plane conductivity can be as high
as 3000.8 The rare-earth atom is trivalent for all members of
the series® and thus the electronic structure is quite similar in
all of them. Band structure calculations®!3!# reveal that the
electronic bands at the Fermi level derive from the Te p, and
p, in-plane orbitals, leading to a very simple FS, a large part
of which is nested by a single wave vector g=(0,x), x
=0.29a" (a"=2m/a) in the base plane of the reciprocal
lattice.'* This nesting appears to be the driving mechanism
for the CDW instability.'>16

The compounds are characterized by an unusually large
CDW gap, which was observed by angle resolved photo-
emission spectroscopy (ARPES) measurements. The CDW
gap ranges between 200 and 400 meV, depending on the rare
earth.!>~!° Consistent with these large gap values, RTe; com-
pounds are well within the CDW state already at room tem-
perature and the CDW transition temperature (T¢py) is be-
lieved to be even higher than the melting point.'” Owing to
the 2D character of these compounds, the gap is not isotropic
and shows a wave-vector dependence.!®!7 In particular, since
the vector ¢ does not nest the whole FS, there are parts of it
which are not gapped. Therefore, the CDW state coexists
with the metallic phase due to the free charge carriers in the
ungapped regions of the FS. The study of these compounds
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could give, in principle, an important insight into the inter-
play between the metallic state and the broken-symmetry
CDW phase. Furthermore, the presence of a single nesting
vector defines a preferred crystallographic direction for
the development of the CDW state, and leads to features
typical of a 1D system, despite the 2D character of these
compounds.

Besides to the prototype 1D systems,” optical spectros-
copy was already successfully applied to the study of 2D
chalcogenides such as NbSe, and TaSe,, where anomalous
behavior of the carriers’ scattering rate was observed in the
CDW phase,?’?! as well as NbSe; and TaSe;, where a po-
laronic scenario for the CDW was proposed.”??* Here we
describe the first comprehensive optical study on RTe;. Op-
tical spectroscopy is in general an ideal tool to study CDW
systems,” since it is able to reveal the opening of the CDW
gap in the charge excitation spectrum. The optical signature
of the CDW phase is in fact a finite-frequency peak, ascribed
to the transition from the CDW condensate to a single par-
ticle (SP) state.?* Moreover, because of the imperfect nest-
ing, as typical for quasi 2D systems such as RTe;, the optical
technique also reveals the free-carriers contribution in terms
of a Drude peak.

II. EXPERIMENT AND RESULTS

We report on optical reflectivity measurements carried out
on RTe; single crystals for representative members across
the rare-earth series R as La, Ce, Nd, Sm, Gd, Tb, and Dy.
Single crystal samples were grown by slow cooling a binary
melt, as described elsewhere.? Platelike crystals up to sev-
eral mm in diameter were removed from the melt by decant-
ing in a centrifuge. The crystals could be readily cleaved
between Te layers to reveal clean surfaces for the reflectivity
measurements. Exploiting several spectrometers and interfer-
ometers, the optical reflectivity R(w) was measured for all
samples from the far-infrared (6 meV) up to the ultraviolet
(12 eV) spectral range, with light polarized parallel to the Te
planes. Details pertaining to the experiments can be found
elsewhere.?6-?’

Figure 1 displays the overall R(w) spectra for selected
members across the rare-earth series. Consistently with the
large gap values, no temperature dependence of the spectrum
was observed between 2 K and 300 K. As expected from the
presence of ungapped regions of the FS, all samples exhibit a
metallic R(w), tending to total reflection at zero frequency
[i.e., R(w)— 1, for @— 0], and the appearance of a plasma
edge around 10 000 cm™'. Above the plasma edge, several
spectral features are also observed. At lower frequency a
bump is apparent in R(w) of all samples (see inset of Fig. 1).
This feature is more evident in LaTe; but it becomes pro-
gressively less pronounced and shifts to lower frequency on
going from LaTe; to DyTes, i.e., on decreasing the in-plane
lattice constant a.

The large explored spectral range allows us to perform
reliable Kramers-Kronig (KK) transformations. To this end,
R(w) was extended towards zero frequency (i.e., — 0) with
the Hagen-Rubens extrapolation [R(w)=1-2Vw/o,.] and
with  standard power-law  extrapolations at high
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FIG. 1. R(w) at room temperature of RTe; (R is La, Ce, Nd, Sm,
Gd, Tb, and Dy). The inset shows a blow up of the R(w) in the
energy range between 0 and 10 000 cm™.

frequencies.’® The dc conductivity values employed in the
Hagen-Rubens extension of R(w) are consistent with trans-
port measurements.>>?8 The KK transformations allow us to
extract the real part o;(w) of the optical conductivity, dis-
played in Fig. 2.

III. DISCUSSION

All o(w) spectra in Fig. 2 are characterized by the pres-
ence of two main features, namely a Drude peak, revealing
metallic conduction due to the free charge carriers, and a
second midinfrared peak centered at finite frequency (arrows
in Fig. 2), corresponding to the bump observed in R(w) (Fig.
1). The depletion in the o;(w) spectrum between these two
features will be later identified with the CDW gap. Higher
energy excitations, corresponding to the spectral features ob-
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FIG. 2. Room temperature o(w) of RTes (R is La, Ce, Nd, Sm,
Gd, Tb, and Dy). Arrows mark the position of the SP peak for each
compound (see text). Inset: Drude-Lorentz fit for DyTes;, showing
the experimental data, the fitted curve, and the Drude and the
Lorentz components.
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served in R(w) above the plasma edge, are also present in o
(not shown in the figure) and they are ascribed to electronic
interband transitions. The frequencies of these excitations are
compatible with the predictions from band-structure
calculations,'>!* taking into account the band energies at the
I" point. On the other hand, these band-structure calculations
do not reveal any electronic transition below 1 eV for the
undistorted structure (i.e., in the normal state). It is thus natu-
ral to identify the depletion in the o(w) spectrum between
the Drude and the midinfrared peaks with the CDW gap.
Therefore, the midinfrared peak is ascribed to the charge
excitation across the CDW gap into a single-particle (SP)
state. In the following we will refer to this peak as the SP
peak.

Interestingly, our data show a clear redshift of the SP peak
from LaTe; to DyTe;. This effect can be observed directly
from the o(w) spectra (arrows in Fig. 2) or, to a smaller
extent, from R(w) (inset of Fig. 1). In order to obtain more
quantitative information, a fit procedure, exploiting the phe-
nomenological Drude-Lorentz model, was carried out on all
spectra. It consists in reproducing the dielectric function by
the following expression (Refs. 26 and 27):

2 2

wp S;

. . 2
a)2+la)‘yD ; wz—wjz»—lw’yj

J
(1)

where €, is the optical dielectric constant, wp and vy, are
the plasma frequency and the width of the Drude peak,
whereas W, V), and Sf are the center-peak frequency, the
width, and the mode strength for the jth Lorentz harmonic
oscillator (HO), respectively. o(w) is then obtained from
o(w)=we(w) /4.

The fit of all spectra were extended up to 40 000 cm™".
Besides the Drude contribution, five Lorentz HO’s for each
compound are required to fit the finite-frequency features.
This is explicitly shown in the inset of Fig. 2 for DyTes,
where the single fit components are displayed. The three low
frequency oscillators allow one to reproduce the rather broad
absorption, ascribed to the SP peak. This choice is motivated
by the fact that, for all samples, the SP peak cannot be fitted
with a single Lorentzian oscillator. There is indeed the pres-
ence of low- and high-frequency shoulders, each described
by a Lorentz HO, which overlap to a background defined by
a broad HO. In LaTe; and CeTe; the shoulder at the low-
frequency side of the SP peak almost merges with the high-
frequency tail of the Drude component. Therefore, the SP
peak in each compound can be thought as composed by
the superposition of several excitations, which mimic the
continuous distribution of gap values, as observed by
ARPES.>19 The remaining two high frequency HO’s
account for the optical (electronic interband) transitions.

There are several interesting parameters, which can be
extracted from the fit. First of all, the plasma frequency wp,
the square of which represents the total spectral weight of the
Drude peak. The larger wp is, the higher is the metallic de-
gree of the system. It is also worth it to recall that w%,
«n/m", where n is the charge-carriers’ density and m" is the
carriers’ effective mass. The obtained values of wp are

&(w)=¢€(w) +ie(w) =€, —
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FIG. 3. Plasma frequency (a) and single-particle peak frequency
(b) as a function of the in-plane lattice constant (Ref. 12). The
rare-earth atom for each compound is shown in the plot. The solid
lines are guides to eyes.

plotted in Fig. 3(a), as a function of the lattice constant a.'
An increase of wp going from LaTe; to DyTe; is well
evident.

As to the SP peak, since it is composed by three Lorentz
HO’s, we define the averaged quantity wgp,

3 2
Ej:l ijj
Wsp="3 5 >
2
28

which represents the center of mass of the SP excitation and
thus provides an optical estimate for the CDW gap. In Fig.
3(b), wgp is plotted as a function of a.'> The decrease of wgp
(thus of the average gap value) is well evident on going from
LaTe; to DyTes, oppositely to the observed increase of wp
[thus of the Drude spectral weight, Fig. 3(a)]. Another inter-
esting quantity associated to the SP-peak is the total spectral
weight Sép of the (broad) SP excitation, which is defined as

()

3
Sip= 257 (3)

j=1
At this point we are then equipped for a thorough discus-
sion of our findings. Before addressing in detail the evolution
of the electronic properties across the rare-earth series, we
first focus our attention on the relationship between the
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TABLE I. Effective mass myg and carriers’ density nyg in the
normal state and effective mass mcpy and carriers’ density ncpy in
the CDW state for all samples. Carriers’ densities and effective
masses are given in carriers per cell and m, units, respectively. The
last column reports the ratio @ between the Drude spectral weights
(see text) in the CDW and normal state. Experimental uncertainties
in the last digits are given in brackets.

Sample My nys Mcpw nepw o= wfg/Si,s
LaTes L.1(1)  12(2) 0.56(6)  0.13(1) 0.021(4)
CeTe; L.1(1)  153) 0.56(6) 0.18(2) 0.024(5)
NdTe; 1.2(1)  14(3) 0.59(6) 0.23(2) 0.032(6)
SmTe; 1.2(1)  17(4)  0.59(6)  0.22(2) 0.025(5)
GdTe, 1.2(1)  13(3)  0.59(6) 0.22(2) 0.032(6)
TbTe;, 1.2(1)  17(4)  0.60(6)  0.34(3) 0.041(8)
DyTe; 1.2(1)  13(3) 0.60(6)  0.43(4) 0.065(13)

CDW and the normal state (NS) properties for each
compound. Although the high-temperature NS cannot be
studied experimentally since Tpy is anticipated to be above
the melting point of the material, we can nevertheless draw
some predictions by exploiting our data and the band-
structure calculations.'*!* The Te p, and p, orbitals have a
strong 2D character (i.e., they have a negligible dispersion
along the direction orthogonal to the Te layers). These bands
are well approximated by a tight-binding model'> in which,
taking into account the stoichiometry, the Fermi level lies
above half-filling (i.e., at 3.25 eV below the top of the
bands),” indicating that charge carriers are holelike. Consid-
ering a parabolic expansion of the 2D bands around
their maximum, the Fermi energy Er=3.25 eV, within a 2D
free-holes model, is then related to the effective mass myg by

2
_ T np
- bl

myg

Ep (4)

where n,p, is the 2D hole density in NS. This latter quantity
is determined by assuming 1.5 holes for each tellurium atom
within the Te layers and 2 Te atoms for each square unit
within the 2D layers (i.e., n,p=3/a?). From n,;, and Ep, we
achieve myg for each sample by exploiting Eq. (4). The myg
values are reported in Table 1.

The myg values allow us to check our data in a self-
consistent manner. If we assume the conservation of the
spectral weight between the CDW and the normal state, and
that there will be no SP peak in the (hypothetical) NS, the
Drude contribution in NS would then have a total spectral
weight given by Sis=whr+Ss, (Fig. 3). Therefore, from
S]2v5~nNS/ myg we can estimate the three-dimensional carri-
ers density nyg in NS, as reported in Table I for each com-
pound. This quantity can be compared with the carriers’ den-
sity n,.;, obtained from the chemical counting. Since the 3D
unit cell contains four Te layers (i.e., eight Te atoms) with
1.5 holes for each Te atom, we obtain n.,=12 holes/cell.
The fair agreement (at least within the experimental uncer-
tainties) between nyg and n., is well evident in Table I
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This finding makes us confident about the reliability of our
analysis.

We now consider the free charge carriers surviving in the
CDW state. We can estimate their effective mass mpy from
the existing specific heat data on LaTe;. The Sommerfeld y
value of the linear term in the specific heat is
¥=0.0011 J mol~' K2 for LaTe;.>>?° We assume a 2D free-
holes scenario for the ungapped carriers also in the CDW
phase. Within this approach, y and mpy are related by

_ szzamCDwa2 )
o 3R

Since v is difficult to extract from heat capacity measure-
ments for the magnetic members of the rare-earth series, we
use the value of LaTe; for all samples. Bearing in mind the
small chemical and structural changes occurring across the
rare-earth series, this assumption appears reasonable. There-
fore, we can estimate mcpy from Eq. (5) for all samples, as
reported in Table I. It turns out that the free-carriers’ mass
decreases by a factor 2 on entering the CDW state. This
finding can be explained by noting again that in RTe; the
relevant electronic states correspond to the two orthogonal
bands deriving from the Te p, and p, orbitals. The band
structure, while nearly 2D, is anisotropic in the plane. There-
fore, myg and mcpy should be considered as parameters
describing the average curvature of the free charge carriers
bands in the normal and CDW state, respectively. In
this respect, our estimates of the effective masses represent
a harmonic average of the mass per carrier, i.e.,
1/mN5= 1 /nstl‘l /mi and 1/mCDW: l/nCDWEiI /ml', where
the two sums run over the ungapped states in the normal and
CDW phases, respectively. The difference in the myg and
mepy values thus indicates that in the CDW phase the aver-
age band curvature is larger than in NS. Consequently, the
CDW mainly gaps “heavy” carriers (i.e., those belonging to
states with small band curvature). The remaining ungapped
carriers thus occupy states with a larger band curvature, re-
sulting in smaller effective mass. Since states with small
band curvature are flatter (i.e., they have a smaller disper-
sion) than those with large band curvature, one can expect
the former to give a larger contribution to the density of
states than the latter. Therefore, it is not at all surprising that
the CDW tends to gap states with the small band curvature.
This way there are more states which can be gapped and the
CDW energy gain is larger.

The knowledge of mcpy and wp allows us to determine
the density ncpy of the ungapped carriers in the CDW phase.
The ncpy values for each sample are reported in Table I. The
large difference between nyg and nqpy and consequently the
dramatic reduction of the number of ungapped charge carri-
ers indicate the strong effect of the CDW formation; a large
part of the charge carriers takes part in the formation of the
CDW condensate. That a significant part of the FS is gapped
in the CDW phase, is confirmed by ARPES data from which
the fraction of the ungapped FS can be estimated to be
10-20 %.'5-18

In this respect, the quantity ®=w3/(wh+S3,) is of inter-
est, since it represents the ratio between the spectral weight
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FIG. 4. Ratios ®=w3/(wp+S3,) (indicating the fraction of the
ungapped FS) and nepy/nys as a function of the in-plane lattice
constant (Ref. 12). The left and right scales differ by a factor of 2.
The rare-earth atom for each compound is shown in the plot. The
solid line is a guide to eyes.

of the Drude peak and the total spectral weight of the Drude
term and the SP peak (Table I). @ roughly measures, as
previously shown in Ref. 22, the fraction of the ungapped FS
area (i.e., those parts of FS which are not affected by the
CDW state). Since the effective mass of the free carriers is
different in CDW and NS, ® does not simply reduce to
nepw/nys and it is larger than the latter quantity by a factor
given by myg/mepw~ 2. Although the ® values seem to sig-
nificantly underestimate the fraction of the ungapped FS
compared to the estimate evinced from ARPES data,'>~!3
they at least qualitatively confirm that a large portion of FS is
gapped. The difference between ARPES and optics, as far as
the gapping of FS is concerned, may also be reconciled in
part by taking into account the energy resolution of the
ARPES data.’® We now turn to the evolution of the CDW
state across the rare-earth series. First of all, the reduction of
wgp on decreasing a [Fig. 3(b)] may be considered as an
indication for the diminishing impact of the CDW state,
when going from La to Dy. Such a gap reduction is also
consistent with the ARPES data,'® showing a gap of about
400 meV in CeTe;,'>!¢ and a gap of 200 meV in SmTe;.!”
In recent ARPES experiments'® a reduction of the maximum
gap value with decreasing a was also observed for several
compounds of the RTe; series. It is important to remark that,
differently from ARPES where the maximum gap value can
be determined, our optical estimate provides a sort of
averaged value for the CDW gap over the whole FS.

In Fig. 4, @ (Table I) is plotted as a function of the lattice
constant a.'? The portion of the ungapped FS increases on
decreasing a and has a more gradual and less scattered be-
havior than wp [Fig. 3(a)]. Since ® corresponds to the ratio
between spectral weights, it is less affected by possible un-
certainties of the o|(w) absolute value. In the same figure,
the ratio ncpy/nyg between the carrier’s densities in the
CDW and NS (see Table I) is also plotted as a function of a.
As discussed above, the two quantities have the same depen-
dence on a and just differ in absolute value by a factor ~2
(Fig. 4), coming from the effective mass ratio. The increase
of @ with decreasing a is quite abrupt for rare earths beyond
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FIG. 5. o((w) of RTes (R is La, Ce, Nd, Sm, Gd, Tb, and Dy)
plotted on a bilogarithmic scale. The y-axis logarithmic scale is
vertically shifted for the sake of clarity. The scale is the same for all
samples and the scale offset is shown for each spectrum. The solid
lines are power-law fits to the data (the exponents are given in the
figure).

the Sm-containing compound, indicating the onset of a
chemical pressure effect for a=4.34 A. On the other hand,
the effective mass is almost constant across the rare-earth
series so that the band-shape and the inertia of the free
charge carriers are only subtly affected by the lattice com-
pression. Therefore, this seems to rule out a large change in
the bandwidth. Nevertheless, one cannot exclude a priori
that a yet subtle narrowing of the bands with increasing lat-
tice constant could lead to a better nesting and to differences
in the amount of the nested FS.

In this context, it is then quite natural to assume that the
reduction of wgp [Fig. 3(b)] on going from LaTe; to DyTe;
could be ascribed to a suppression of the nesting condition,
due to the changes in FS, because of the lattice compression.
In this scenario, the increase of the ungapped portions of FS
with decreasing a (Fig. 4) leads to an enhanced optical con-
tribution due to the free charge carries. The strong decrease
of wgp is consistent with the reduction of the perfectly-nested
regions (where the CDW gap is close to its maximum value)
in favor of the nonperfectly-nested regions (where the gap is
close to zero).

Finally, a power-law [ (w) ~ 7] behavior for the high-
frequency tail of the SP peak is observed in all samples. This
is shown in Fig. 5, where o(w) is plotted on bilogarithmic
scale. The power-law behavior extends over a rather limited
energy interval, which at most is one order of magnitude

125115-5



SACCHETTI et al.

wide for the Dy compound. Power-law scaling is indicative
of quasi 1D behavior.3*> The observed exponents, although
not precisely determined, give indications as to the mecha-
nism behind CDW formation in these materials. In the
following analysis we make the case that electron-electron
interactions play a crucial role in the CDW formation in
RTC3.

The traditionally invoked mechanism for CDW formation
is the electron-phonon coupling. In that case there are three
energy scales to be considered for optical absorption: the
typical phonon frequency wy, the single-particle (or Peierls)
gap A, and the frequency w at which the measurement is
done. As anticipated above, the advocated FS of the
material'® consists of two sheets of open FS’s of a quasi 1D
material (associated to the p, and p, orbitals, respectively).
The measured vector for the CDW modulation is very close
to the vector that corresponds to the nesting of the two sides
of this quasi 1D FS. Attributing the one dimensionality to the
fact that RTe; have a nearly perfect nested quasi 1D FS is of
particular relevance here, since the charge transfer integral
(¢perp) along the transverse direction (i.e., describing the hop-
ping between the p, and p, orbitals) is not small and is much
larger than the temperature of the measurements. Indeed,
Iherp =T would normally lead to coherent transverse hopping,
so that FS would have significant warping in the transverse
direction and the material would not be 1D anymore. The
warping of FS would loose its relevance only at w>1,,,,.
However, this is not the appropriate situation for RTes, since
Lyerpy=0.37 eV,'313 while the power-law behavior is observed
for frequencies w>0.2 eV. But if nesting is strong and oc-
curs with a well-defined g vector, then the system still acts as
a 1D system would essentially do. The 1D character, indi-
cated by the high-frequency power-law behavior of
o1(w) (Fig. 5), may then persist even for w<t,,,,, provided
that one looks at phenomena involving the nesting wave
vector.

In the case of a 1D material, one would obtain different
exponents for the optical behavior above the Peierls gap de-
pending on the hierarchy of the energy scales, pointed out
above. If one is in the so-called adiabatic limit wy<< A where
the phonon frequency is quite small, then one can assimilate
the potential created by the phonons to either a periodic
(with wave vector ¢) static deformation, if @< wy, or to a
quenched disorder varying in space, if w>> wy. In the first
case the conductivity can easily be computed by looking at
the scattering on the static periodic potential with a wave
vector ¢, the CDW modulation vector, using the techniques
explained in Ref. 33. One finds that o,(w) > w®r~*, where
K,<1 is the Luttinger liquid parameter. K,=1 for a Fermi
liquid or if interactions are weak and decreases with increas-
ingly repulsive interactions. It is clear that such a result
would not be compatible with the data, making it hard to
have the standard adiabatic mechanism for the CDW forma-
tion. The other case, when the phonon potential is viewed by
the electron as a quenched disorder, is also not quite compat-
ible with the data. Indeed in that case one finds o(w)
o @Kr=333 A weakly interacting system would thus give ex-
ponents of order —2 or slightly below, in somewhat closer
but yet very unsatisfactory agreement with the data. It thus
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seems unlikely that the data are explained by the standard
scattering over a distortion due to adiabatic phonons. The
data would on the contrary be in reasonable agreement with
the so-called antiadiabatic limit (A, w) < w,, in which one
can integrate over the phonon field. The phonon fluctuations
introduce then an effective interaction between the particles.
This interaction corresponds to an umklapp scattering, which
gives®33

oy (w) = *k. (6)

This would lead to exponents 7 close or slightly smaller than
—1, in much better agreement with the data. It is however
extremely unlikely to be able to find phonons of such high
frequency, since one would need wy,>1 eV. Consequently,
phonons alone could not explain the observed optical data
and power laws.

A much more probable source for such an umklapp scat-
tering leading to Eq. (6) is the direct interaction between
electrons. Such an interaction can directly produce an um-
klapp scattering, allowing the transfer of two particles from
one sheet of the FS to the other and thus transferring 44 to
the lattice.* Note that the advocated wave vector!> for the
CDW modulation is indeed giving a value for 4g close to a
reciprocal lattice vector, and thus allowing such umklapp
processes to be effective. An umklapp process leading to a
power law behavior in o;(w) and in other response functions
was theoretically predicted for strict 1D systems within the
Tomonaga-Luttinger-liquid scenario® and observed experi-
mentally in the 1D Bechgaard salts with 5=-1.3.73132 Fur-
thermore, we identify in o(w) of the Ce and La compounds
a low-frequency tail of the SP peak following a power-law
behavior as well (Fig. 5). The resulting exponent ranges be-
tween 2.2 and 3, which again compares quite well with the
value of 3 predicted for a 1D Mott insulator for which um-
klapp is the dominant source of scattering.”

Even though the exponents for the high-frequency power-
law observed in our data do not show a defined trend across
the rare-earth series, their values range between —1.7 and
—1.0. This is in decent agreement with such a scenario where
interactions and umklapp would be responsible for the ob-
served behavior. This strongly suggests that interactions
rather than a standard electron-phonon mechanism could
play, in the rare-earth tri-telluride compounds a crucial role
in the CDW formation as well. Of course more studies both
theoretically and experimentally would be useful to ascertain
the respective roles of the interactions and of electron-
phonon coupling with respect to the CDW formation. Theo-
retically, a more careful treatment of the effects of the trans-
verse warping of FS would be clearly needed, not only for
the high-energy behavior but even more for the low-
frequency part of the optical conductivity, much below the
single-particle peak.

IV. CONCLUSIONS

In summary, we reported on the first optical measure-
ments of seven different rare-earth tri-telluride compounds.
Our data allow for a detailed analysis of both the Drude
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contribution, ascribed to the free charge carriers resulting
from the presence of ungapped regions of FS, and the SP
peak, due to carriers’ excitation across the CDW gap. On
decreasing the lattice constant, a slight enhancement of the
metallic contribution and a simultaneous reduction of the
CDW gap are observed. We propose that this effect might be
due to a quenching of the nesting condition driven by a
modification of FS because of the lattice compression. We
also observe power-law behaviors in o(w), typical of a
Tomonaga-Luttinger-liquid system, which emphasize a non-
negligible contribution of 1D correlation effects in the phys-
ics of these 2D compounds. This also anticipates that inter-

PHYSICAL REVIEW B 74, 125115 (2006)

actions and umklapp processes could play a significant role
in the CDW formation in these compounds.
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