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Mobile small polarons and the Peierls transition in the quasi-one-dimensional conductor KMoO4
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High-resolution angle-resolved photoemission spectros¢ARPES on the quasi-one-dimensional Peierls
system kK J;MoO; reveals a “hidden” open Fermi surface and band features displaying the symmetry properties
of the underlying lattice. However, the ARPES line shapes and optical data suggest that the corresponding
quasiparticles are heavily renormalized by strong electron-phonon interactions. The temperature dependence of
the leading edge of the mostly incoherent spectrum bears signatures of the Peierls transiiod&@ K and
of pretransitional fluctuations.
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[. INTRODUCTION cent spectroscopic work, namely, by opficsand
photoemissiofi,aimed at identifying the unique spectral fea-
Lattice periodicity and band filling determine the behaviortures of these correlated 1D states. Signatures of spin-charge
of charge carriers, and ultimately the electronic properties ofeparation have been reported in 1D Mott insulatoshile
solids, in the limit of vanishing interactions. This is no longer data on conductors, either inorganic like, fogO,7 (Ref.
true in strongly interacting systems, where translational sym10) or organic like TTF-TCNQRef. 11, and on artificial 1D
metry is not necessarily manifest in the wave functions ofsurface nanostructurEsare still debated. Puzzling, common
individual carriers. The renormalized single-particle aspects of the angle-resolved photoemission spectroscopy
excitations—or quasiparticle€QP’s—postulated by Fermi (ARPES spectra are the broad line shapes and deep
liquid theory, can be quite different from the bare electronspseudogap features.
and new phases with distinct macroscopic properties may Strong pretransitional fluctuations in a broad temperature
appear. range between the reall§) and the expected mean-field
Quasi-one-dimensional1D) materials exhibit typical (Tyg) transition temperatures are another typical feature of
electronic instabilities, like the much studied metal-insulatorthe physics of 1D Peierls materials. Fluctuations are manifest
Peierls transition to a charge-density-wd@W) state. Un- in the temperature dependence of the CDW correlation
derstanding how the QP’s evolve into the ordered phasdength extracted from diffraction datdThey also influence
where the one-to-one correspondence with the noninteractirifpe electronic states, causing the opening of a pseudogap at
particles is lost, is of fundamental interest. The accepted picthe Fermi level*=** The spin susceptibility’ specific heat,
ture of the CDW instability emphasizes extended, periodicand optical conductivit} of 1D Peierls systems bear signa-
states and the topology of the 1D Fermi surface, which idures of the pseudogap. CDW-related superstructures are also
perfectly “nested” on itself by a translation with wave vector observed abov&p by ARPES!%
Qcpw= 2ke (ke is the Fermi wave vectpt This weak- In this paper we address the nature of the QP states and
coupling theory describes quite successfully the superstrudhe spectral signatures of the CDW in a typical 1D Peierls
tures revealed by scattering experiments, but elements of theaterial: the Mo blue bronze jgMoO;. We find valence
opposite strong-coupling scenarimay be relevant in mate- states with the symmetry properties predicted by band struc-
rials where the charge density modulations are large. ture calculations, including a good Fermi surfd€&) nest-
One-dimensional materials are also of current interest fomg at the CDW wave vector. We also find that the energy of
their normal phase. Strictly 1D metallic systems are notthese dispersing features is not related to the low-energy
Fermi liquids, but Luttinger liquidS with peculiar properties properties of the material. By analogy with our recent study
like spin-charge separation and correlation functions chara®f (TaSg),!, another typical Peierls materi&l,we interpret
terized by nonuniversal exponeritéD systems with gaps in the peculiar line shape as the result of strong interactions
the spin sector—especially relevant for the Peierlswith the lattice, leading to the formation of small polarons
instability—or in the charge sector are also possible. Theywith strongly renormalized masses. This hypothesis is sup-
are neither Fermi nor Luttinger liquids, but belong to theported by a new analysis of the optical data. From
Luther-Emery of Mott-insulator universality classesRe-  temperature-dependent momentum distribution curves mea-
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sured at the Fermi surface we identify, within a polaronic A ' b)
scenario, the spectral signatures of the Peierls transition and
of pretransitional fluctuations. These results suggest that el-
ements of both the weak- and strong-coupling theories
should be included in a description of the metal-insulator

transition.

II. EXPERIMENT

Single crystals of KsMoO;, of typical size 3<1.5
X 0.5 mn?, presented a strongly anisotropic electrical resis-
tivity and semiconducting behavior beloWw,=180 K, in
agreement with the literatuf® We performed ARPES mea-
surements at the PGM beamline and NIM4 beamlines of the
Wisconsin Synchrotron Radiation Cent&RC. Photoelec- r
tron intensity maps were acquired with a Scienta SES-200 . | ! | Ly
analyzer, with energy and momentum resolutidvE 1 0=E 1 0=Eg
=15 meV andAk=0.015 A !, respectively. The samples,
mounted at the tip of a closed-cycle He refrigerator, were
post-cleaved af =60 K at a pressure of$10 ** mbar, to FIG. 1. (a) ARPES spectra acquired along the(I"Y) direction
expose mirrorlike (R1) surfaces. Special care was taken to(T=210 K, hy=21 eV). (b) Setup of the ARPES experiment.
minimize radiation exposure, and we did not observe noticeNotice that the polarization plane is perpendicular to the surface and
able signs of surface degradation over a period of severaontains the direction of the chaing) Spectra measured with un-

ARPES Intensity

Ko 3MnO;

Binding Energy (eV)

hours. polarized light(from Ref. 31.
The discussion of the optical properties is based on the
original data of Ref. 18, obtained over an extended frequency IV. RESULTS AND DISCUSSION

range (0.1-10 cm™ 1) as a function of temperature and em-
ploying a wealth of methods such as optical reflectivity and
resonant cavity techniques. The optical conductivity was de- Figure 1a) shows ARPES spectra measured in the metal-
termined from the complete absorptivity spectrum by alic phase T=210 K) along the 1D chain directiom (I'Y).

A. Symmetry of the bands and the Fermi surface

Kramers-Kronig analysis, as described in Ref. 18. Photoelectrons excited by linearly-polarized light were
collected in thghorizonta) plane containing the surface nor-
lll. STRUCTURAL AND ELECTRONIC PROPERTIES mal, theb direction, and the photon bealfig. 1(b)]. This

, o geometry selects initial states that are even under a reflection

KodMoO; has a side-centered monoclinic structure,from this plane. A prominent spectral feature disperse from
where double chains built from MqQoctahedra run along 12 ey atT", the center of the Brillouin zonéBZ), to a
the crystallographic direction, supporting Mo é-O 2p  minimum binding energy of 0.2 eV near the zone boundary
hybrid bands with strong 1D character. The interaction be'Y:(,n./b):o.415 A 1. A second, much weaker feature is
tween adjagent dquble chains splits thes_e bands into bondinghserved arountl at smaller binding energy. They represent
(B) and antibonding AB) s_ubbg\sngs which are doped by the B (at higher binding energyand AB (closer toEg) sub-
charge transfer from the Kions®**These bands generate pands. Their dispersion is well described by the more recent
two pairs of open Fermi surface sheets, perpendicular to thgang structure calculatic. The spectra are consistent with
I'Y direction (b), with distinct Fermi wave vectors¢ and  published ARPES daff-*°but there is a remarkable differ-
ki®. Due to interchain coupling, the FS's are slightly ence with respect to data measured with unpolarized radia-
warped, with alternate  concavities.  Tight-binding tion [Fig. 1(c), from Ref. 31, where theAB andB structures
calculation$® and measurements of the transverse CDW corhave comparable intensities.
relation lengtR® yield a transverse dispersion 4~0.1 eV, The large polarization dependence suggests that the two
wheret, is the in-plane hopping matrix element. A more bands have different symmetries. This is supported by scans
recentab initio band structure calculation, performed with above and below the horizontal plane. The acceptance win-
the generalized gradient approximati@GA) scheme, finds dow of the analyzer allowed us to collect photoelectrons
nearly flat FS sheefS. within £6° of the plane, or 65% of the BZ in tHeX direc-

The metallic state is unstable beloW =180 K. The tion, perpendicular to the chains. The results are summarized
CDW formation has been associated with the alternate nesin the intensity maps of Fig. 2, for various values of the
ing of the B and AB FS sheets with a single wave vector in-chain wave vectok;. The B and AB bands, both well
Qcow=(0.p,1/2), whereq,=(k+kg®) is incommensu- visible at 0.38Y, move towards the Fermi level dg in-
rate (@,=0.73*;b* =2x/b) at Tp and locks in to the com- creases, and th&B band disappears altogether as the zone
mensurate valug,=0.75%* below 100 K?2 The saturation boundary is approached.
value of the Peierls gap isA=100-150 meV, from optics The perpendicular dispersion is very smatf@.1 eV)
and resistivity® consistent with ARPES’?® and consistent with an open Fermi surface. On the horizontal
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FIG. 2. ARPES intensity maps measured perpendicular to therector®® It is not possible to determine Fermi level crossing
chains, for various values of the wave vector along the chainpoints from Fig. 8a). We used instead momentum distribu-
k; (T=180 K, hv=21 eV). Darker regions correspond to larger tion curves(MDC's), i.e., momentum-dependent constant-
intensity. energy cuts. The MDC extracted immediately beBw[Fig.

3(b)] shows four distinct peaks connected in pairs, within
plane &, =0) and for all values ok;, the intensity of band ~€xPerimental accuracy, b@cpw=0.75a/b, consistent with
B is maximum and that of bandB is zero. Therefore the SCaltering data. Similar values 0oQcpw have been
two bands have opposite reflection symmetrisgenfor B reported;®* but the individual Fermi wave vectorkg
and odd for AB. These are, in the 2D limit, the symmetry =0.61m/b, ki=0.86m/b (Ref. 30 or kf®=0.597/b, kg
properties of the bonding and antibonding combinations of=0.897/b (Ref. 2§ are somewnhat different. The origin of
1D orbitals, discussed in Ref. 24. Opposite reflection symthese differences is not clear. The symmetric intensity distri-
metries of the nested FS sheets are also consistent with thition (Fig. 2 and dispersioriFig. 3(@)] rule out spurious
observed out-of-phase modulation of the lattice positions ireffects and give us some confidence in the accuracy of our
adjacent chain&>*? data.

In order to map both bands along thedirection, we MDC'’s measured at various binding energies near the
integrated the photoelectron signal over the full perpendicuzone boundaryFig. 4) show a main peak fok<<z/b and a
lar angular window of the analyzer, taking advantage of theveaker one at an approximately symmetric location in the
negligible perpendicular dispersidfig. 3@]. The B band second zone, from the “shadow” band. Approachigg the
does not differ from data collected with a narrow perpen-two features converge towards=0.4 A~ or 0.96m/b. A
dicular angular acceptance in the horizontal plane, but in thadetailed analysis of these curves is difficult due to the vary-
case the dispersion of bamdiB could only be monitored ing intensities and the interfering effects of umklapps from
when theb axis was not exactly horizontal. A remarkable the lattice and CDW potentials acting, respectively,kat
aspect of the data is the absence of a well-defined Ferm#w/b=0.415 A ! and atki=0.4 A%, The existence of a
surface in the metallic phase. The closest approach to thshadow replica of th&B band aroun&2®, clearly unrelated
Fermi level is nearr/2b (AB) andY=x/b (B), and both  to the lattice periodicity, demonstrates that scattering on the
bands have “shadow” replicas beyond those points. The rep€DW potential is certainly important.
lica of the AB band is well visible in the perpendicular cuts
(at 0.58°Y and 0.72Y) of Fig. 2. Strong shadow bands
were also observed in the 1D Peierls system (Tp$e® but
not as clearly, due to the smaller energy separation between In a mean-field theory, the CDW transition removes the
analogous bonding and antibonding conduction bands in thantire Fermi surface—or leaves at most small pockets due to
compound. imperfect nesting in 2D or 3D—belowp . This simple de-

In the Peierls scenario of the CDW formation in scription does not apply to the blue bronze. In the metallic
Ko sM0O;, the momentum separation between the neated phase the dispersing spectral features remain well below the
and B Fermi surface sheets determines the CDW wavd-ermi surface, forming a “pseudogap,” which is broader

B. Peierls transition
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0 The Peierls transition affects both conduction bands, as
' ' ' shown by spectra measured ndg¢ at both Fermi wave

1 | |
0.2 0.4 0.6 vectors(Fig. 6). Below Ty the leading edges of both bands
Wave vector (1/,&) progressively shift to higher binding energies, until a true
gap is formed. The temperature evolution of the two bands is
FIG. 4. MDC’s extracted at different binding energieAH  consistent with Ref. 28 and substantiates the accepted sce-
=30 meV) near the zone boundary. The dashed lines are guidesnario requiring that both pairs of FS sheets be involved in the
to the eye T=180, hv=21 eV). formation of the CDW state. It would be difficult to obtain
from Fig. 6 a quantitative description of the changes occur-
than the optical pseudogépand whose origin needs to be ring through the CDW transition, without making specific
clarified. A careful analysis reveals a temperature depenassumptions on the line shape. Following our analysis of the
dence associated with the Peierls transition at the highPeierls transition in (Tagy,l,%* we used instead MDCs
energy end of the spectra. This is illustrated in Figa) &nd  measured across the transition. The starting point is the MDC
5(b) by ARPES maps collected at 210 K and 75 K, near themeasured aEr and Tp, which exhibits a Lorentzian line
maximum of theB band. At 210 K, while the main band shape. BelowT, both the intensity and line shape of the
feature is at finite binding energy, a very small but finite MDC are preserved if the cut is performgéig. 5(c)] at a
intensity “spills over” beyondEgr. The MDC measured at higher binding energyA(T). Figure 7a) shows thatA(T)
the Fermi level aff, [Fig. 5(c)] exhibits a Lorentzian line behaves as a phenomenological order parameter for the tran-
shape, the typical fingerprint of a QP. By analogy withsition and saturates beloWw~100 K toA,=60 meV, con-
(TaSa),l,* we take this as spectroscopic evidence of asistent the Peierlshalf-)gap value from transport and

“hidden” Fermi surface. optics?®
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FIG. 5. ARPES intensity maps alodgy at T=210 K(a) andT=75 K (b). A logarithmic intensity scale was chosen to enhance the
small signal near the Fermi level. Lines of constant intensity are indicatedADC's extracted at the Fermi level =180 K (solid
circles and atE=60 meV [arrow in (b)] at T=60 K (open symbols The solid line is a Lorentzian fitfull width at half maximum

(FWHM)=0.1 A™1].
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—0 at the Fermi surfacéor T—0). Neither of these condi-
tions is verified in kMoO; if we interpret the whole
ARPES peak as a coherent excitation. However, a different
interpretation is possible.

Strong interactions—or singular interactions in 1D—
considerably modify the QP spectrum. They shift weight
from the coherentQP peak to thencohentpart of the spec-
trum over an energy range which depends on the interactions
0 and which can be much larger than the intrinsic QP width.

Strong, long-range electronic correlations in 1D can produce
Temperature (K) broad line shapes compatible with experimental ARPES
spectra’® This indicates a promising approach to 1D systems

FIG. 7. () Single-particle gap extracted from the MDC analysis. with dominant electronic correlations, like some organic
The shifts are measured frofip=180 K.(b) The ARPES intensity ~Bechgaard salté or the Peierls system TTF-TCNt)3®
Ies at the Fermi surfaceH=0, k=kg) is superposed on the spin where electronic correlations are relevant at least on the TTF
susceptibility from Ref. 17. chains.

There is no evidence of strong electronic correlations in

Pretransitional fluctuations have been invoRess a pos-  standard Peierls systems likg #1005 or (TaSe),l, where
sible origin of the reduced spectral intensity at the Fermithe occurrence of a CDW ground state shows dominant
surface in the normal state of Peierls systems. From the BC&8lectron-phonon €-ph) interactions. An analysis of the
relation 2A,=3.52T, and from an analysis of the CDW CDW correlation length indicates a “sizabl@-ph coupling
dynamics’®> one obtainsTy~320 K in Ky3MoO;. We  strength in k ;MoO,.2> Optics data also point to a largeph
have already pointed diltthat fluctuations alone cannot ex- coupling parameterN~1.2)3* It is therefore tempting to
plain the peculiar ARPES line shape of 1D Peierls systemsnterpret the broad ARPES line shapes qf ;MoO;—and
In a fluctuating pseudogap scenario, the spectral intensity isTaSq),l—as the spectra of electrons strongly coupled to
removed within an energy of the order of the Peierls gaphe lattice.
belowEr, and the pseudogap evolves into a real gap below \We have qualitatively discussed elsewliétae expected
Tp. If fluctuations in the CDW staté are neglected, the spectral properties by analogy with the much simpler prob-
spectrum merges with the mean-field spectrum inThe0  |em of a single electron coupled with a harmonic oscilldtor.
limit. This is clearly not the case here, since the ARPESThe spectrum exhibits a “zero-phonofdr “0-0” ) peak and
pseudogap scale is much larger than the Peierls gap, bektellites at lower energy, under a common Poissonian enve-
fluctuations do have a measurable effect on the spectrunope. The leading peakadiabatic limi} corresponds to a
This as illustrated in Fig.(b), where the ARPES intensity at transition between the ground states of the neutral and of the
the Fermi surfacé(kE,0) is compared with the spin suscep- ionized system, and the satellites to transitions to vibra-
tibility from Ref. 17. The increase of;pn aboveTp reflects  tionally excited states. Thimcoherentpart of the spectrum
the progressive filling-in of the pseudogap in the metallicdraws intensity from the “0-0” peak, which is progressively
phase. Within the experimental uncertainﬂi(elsE,O) exhibits  reduced as the coupling strength increases. The maximum of
the same temperature dependence and therefore also reflettte spectrum occurs at an energy ~(n)%zQ below the
the temperature dependent pseudogap. This conclusion is neading peak, wherén) is the average number of quanta of
incompatible with the unusual line shape or with the openingribration “dressing” the electron in the ground state aind
of a Peierls gap below [Fig. 7(a)]. As discussed below, is the frequency of the coupled mode. This simple model
the suppression of QP spectral weight is largely a consedescribes quite accurately the photoemission spectrum of a
quence of interactions, but fluctuations abdvefurther re-  diatomic molecule likeH,,*® and in that context the satellites
duce the intensity atEr. The QP DOS is therefore are known as Frank-Condon satellites.
pseudogapped, and only when long-range coherence is estab-These simple considerations provide a qualitative guide-
lished belowTp can a real gap develop. line for the problem of a dense system of interacting elec-
trons coupled to a lattice. Again we expect a progressive
transfer of spectral weight from a “zero-phonon” peak to
vibrational satellites with increasing couplifiyln a solid, of

The results of the previous sections establish the existenasurse, the interaction with a continuum of vibrational states
of band features and of characteristic fingerprints of theplus various broadening mechanisms smear out the satellite
Peierls transition in K;Mo00;. However, the dispersing structure, and only éGaussiahenvelope will be observed.
peaks fail to cross the Fermi level in the metallic phase, and’he weight of the leading peak reflects the progressively
their minimum binding energies are unrelated to the typicakmaller overlap of the photohole with the real quasiparticle.
energy scale of the material, the Peierls dap The spectral  For a sufficiently strong coupling the QP’s can be described
linewidth (~0.4 eV) is also unusually large. In a normal as small polarons, i.e., heavily dressed electrons which move
Fermi liquid, the width of a QP pealE~%/7 is propor-  coherently with the local lattice deformation. In this limit,
tional to the inverse of the QP lifetim.The conditions for  the overlap between the QP and photohole wave functions is
the QP’s to be well-defined excitations atdd=<E and A vanishingly small, and the coherent peak is exponentially

Lh
)
{1 000)yygsKfas

A(T) (meV)

<

C. Spectral line shape and the nature of the quasiparticles
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FIG. 8. Optical conductivity after the Lorentz-Drude model, range of thee-ph interaction is 30 A(c) Momentum-dependent
based on the classical dispersion theory, reproducing the experspectral weight distribution. The parameters of the underlying “fro-
mental data al =200 K, along the chain directiofRef. 1§. The  zen lattice” dispersion were chosen such as to reproduce the experi-
components of the calculation are shown separately, and the contiinental ARPES dispersion.
butions from the polaronic QP’s are highlighted as dashed surfaces.

The spectral weight of the QP component can be scaled
with respect to the total spectral weight up to the threshold of
the interband transitioft. The integral* of o(w) leads to
Cﬁ‘p"t=25 600 cm®, while spectral weight arguments ap-

reduced” The essentially incoherent spectrum peak&*t
~(n)nQ* below the QP energy, whei@* is an average
frequency. Guassian line shapes—one for each valen

band—fit well the spectra of (Tagel and can also describe plied to the QP component yielﬁ(pgpz4100 el From

the blue bronze data. i ductivit | find
From the energy separation between the QP energy—thge conductivity sum rule we fin

Fermi energy akg in the metallic phase—and the maximum (Q°Y 0 9P)2= (n'ln)(m* /m,) = 39. 1)
of the spectrumE* =0.2 eV) we can attempt a rough esti- PR ¢
mate of the structure of the phonon cloud. Neutron data showotice thatm* is the effective mass of the polaronic QP’s,
a large phonon density in the 10-50 meV rafiyevhich  and should not be confused with the—much larger—mass of
yields (n)~5-10 phonons. A more accurate estimate wouldthe fluctuating CDW segments. Usimgn'°'~0.7 at 200 K
require an analysis of the coupling strengths. Namely, thelerived from the spin susceptibility,we obtain the polaron
relative importance of the low-frequency mode involved ineffective massm* ~28m.. A comparison with the GGA
the Kohn anomalP—the precursor of the Peierls band yieldsm* (200K)~40my g
transition—and of the local, higher-frequency vibrations In this polaronic scenario—and in a similar approach pro-
should be assessed. Even with these uncertainties, we copesed in a different context in Refs. 45 and 46—the ARPES
clude that heavily dressed electrons are compatible with thpeaks of Figs. 1-3 do not represent the QP’s, but the dispers-
observed small QP weight in ARPES. ing maxima of the incoherent spectrum. As discussed in Ref.
Optical data provide independent evidence for heavy QP'd5 the suddenly created photohole “sees” a frozen lattice,
in KoaM00Os. Figure 8 shows the real part of the optical where it could disperse with a velocity corresponding to the
conductivity[ o(w)] for light polarized along the chain axis noninteracting band. Therefore ARPES reveals the unper-
in the spectral range below 1 eV~(@10* cm ) at T  turbed bandwidth, rather than the exponentially narrowed
=200 K, in the normal metallic phas@ Similar to our pre-  polaronic bands. However, the photohole is rapidly slowed
vious analysis on (Tagp!,%* we can identify several dis- down by the lattice deformation. The result is a “blurred”
tinct components, which are well reproduced within the pheband, which can be interpreted as the superposition of nar-
nomenological Lorentz-Drude approattiThe main feature row polaronic bands, where the spectral weight is concen-
at 2A=1000 cm! (~120 meV) is associated with the trated along the frozen lattice dispersion. There is a clear
Peierls pseudogap, which is already quite deep at this tendistinction between bands, i.e., tikedependent energy ei-
perature. At low frequencies, the spectrum displays a rathegenvalues of the Hamiltonian, which are not directly observ-
complex behavior. Besides the peak ascribed to the quasible, and the spectral weight which is a physical observable,
pinned collective mode at about 3 ¢y there are two dis- measured in an ARPES experimént.
tinct zero-frequency modes. The first narrow Drude repre- This is well illustrated by a calculation along the lines of
sents the collective contribution of the sliding CDW Ref. 47 for a QP dressed Ky)~5 phonons. As expected,
segments, while the second broad Drude reflects the responttee spectrunjFig. 9a)] is dominated by théncoherentsat-
of the uncondensed quasiparticles. ellites. The suppression of the leading QP peak and the shift
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of spectral weight are controlled by the strength of ¢ghgh ~ consequence@ap, periodicity of the CDW instability in the
coupling. The momentum distribution is determined insteadypical 1D Peierls system g&MoO;. We find conduction

by the range of the interaction. For a strictly local interac- bands with strong 1D character, in good agreement with pre-
tion, the spectral weight is uniformly distributed knspace. vious ARPES work and with recent GGA band structure cal-
For a more realistic nonlocal interactiom=£30 A) [Fig.  culations. By examining their symmetry properties, we veri-
9(b)] the resulting MDC defines a coherence length ( fied the assignment of the topmost bands to bonding and
=1/Ak) of the order of the size of the phonon cloud. The antibonding combinations of 1D bands on adjacent chains.
coherence length is larger than the unit cell, and the spectrathese bands support a “hidden” Fermi surface with the nest-
weight is distributed along the frozen lattice bdfdy. 9(c)].  ing properties required by the Peierls model for the CDW
Notice that this simple calculation produces suggestive regransition. The temperature dependence of the spectrum at
sults, in agreement with our experiment, although we used ifhe estimated Fermi wave vectors exhibits clear signs of the
beyond its expected range of validitie{ < bandwidth. transition. The spectra also exhibit signatures of a fluctuating

The MDC's of Fig. 5 indicate that the coherence lenght of cp\w in the normal metallic phase.
the polaronic QP’s is shortl ¢ 1/Ak~11 A when the ex- The ARPES and optical spectral properties support strong

perimental momentum resolution is taken into accpunt electron ; : :
. -phonon interactions and the formation of small po-
much shorter than the typical valués00—1000 A for nor- larons with a large mass and a short 10 A) coherence

mal metals. A pump-probe experim&hivhich directly mea- P
sured the QP response in the time domain found a QP “fel_ength. The S|m|lar|t|_es betvyeenOWOO3 and (TaS@).ZI ,
time r=0.5 ps. From the relation=v op7, wherev op is the suggest that strong interactions and heavy polaronic QP’s

QP group velocity, we obtaingp~2X 1% ms 2, which is could be generic features of 1D Peierls systems, a hypothesis

about two orders of magnitude smaller than the average yavhich calls for an experimental verification in other related

locity for the B band. Therefore the underlying polaronic materials. The coexistence of strong interactions and nonlo-

bands are much narrower than the GGA or ARPES band§a| aspects requires a further scrutiny of the origin of the

consistent with the strong coupling scenario. CDW transition and a theory that extends the prevailing
We also notice that the QP coherence length is consideieak-coupling scenario. Finally, we notice that if the ARPES

ably shorter than the in-chain CDW coherence length at 20¢ine shape of Peierls systems is dominated by the steepig

K (~50 A) (Ref. 25 and temperature independent. On thecoupling, the expected spectral signatures of the Luttinger or

other hand, the QP coherence length is quite close to theuther-Emery liqguid—namely, spin-charge separation—

CDW period fcpw~9 A). Qualitatively, this is what one would be confined at the leading edge of the broad spectrum.

expects in a local picture of the CDW, which ignores thg 2 Their direct observation could be prohibitively difficult due

instability and the nesting properties of the FS and wherdo the vanishingly small intensity.

long-range order is achieved with condensation of local po-

laronic carriers. The coexistence of typical features of the
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