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Anomalous Fermi liquid behavior of overdoped highT, superconductors
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According to a generic temperature versus carrier-doging) phase diagram of high-temperature super-
conductors(HTSCO), it has been proposed that as doping increases to the overdoped region, they approach
gradually a conventionalcanonical Fermi liquid. However, Hall effect measurements in several systems
reported by different authors show a still strohglependence in overdoped samples. We report here electrical
transport measurements of; YCaBa,Cu;O,_5 thin films presenting a temperature dependence of the Hall
constantRy, which does not present a gradual transition towardsTtieependent behavior of a canonical
Fermi liquid. Instead, th& dependence passes by a minimum near optimal doping and then increases again in
the overdoped region. We discuss the theoretical predictions from two representative Fermi liquid models and
show that they cannot give a satisfactory explanation to our data. We conclude that this region of the phase
diagram in YBCO, as in most HTSC, is not a canonical Fermi liquid, therefore we call it an anomalous Fermi
liquid.
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[. INTRODUCTION derdoped samplé8. The drop ofp is understood to be a
consequence of the opening of a PG in the interaction at the
origin of carrier scattering, for instance spin fluctuatién?
High-temperature superconduct@t$TSC) are known to  |n a similar way, T; can be obtained from resistivity mea-
undergo fundamental changes in some of their properties asirements as the departure from lineatitcreasgin over-
the carrier densitydoping,p) is changed. At low doping we doped sample$.The existence of a certain anomaly along
have an insulating antiferromagnetic ph&&M), possibly  the line T; has been theoretically suggested by Friedel and
a Mott-Hubbard insulator, which gradually disappears uporkohmoto? and a new phase below the same line was dem-
increase of doping, allowing for an anomalous metallic phas@nstrated by ARPES measureméhi&he upturn inp versus
presenting superconductivity above a certain doping levelT has been fitted tgp=a+bT?3 which would imply the
Figure 1 presents such a generic phase diagram of HTSC f@imergence of FL behavior assuming a dominant fermion-
hole doping'2 Apart from the intensive research on the su-fermion scattering. However, this conclusion is not quite
perconductive(SC) region initiated after the discovery of clear since the upturn occurs at temperatures much higher
HTSC in 1986, the surrounding normal phases began to rehan in usual metals. Furthermore, deviations from the above
ceive special attention during the past decade. The existenegiadratic law have been observed, which contradict the FL
of a pseudogagPG) below the temperaturé* (p) is today a  assumption. For instance, Proastal 14 have reported a be-
well established fact in the underdoped regime py, (Pop  havior p=p,+aT+ BT? for TI-2201 with a substantial linear
~0.19, confirmed by different experimental techniques,term (aT> 8T?). Nagib et al!® also reported a dependence
such as nuclear magnetic resonafi®IR), angle-resolved -
photoemission spectroscopfARPES, specific-heat mea-
surements, tunneling, etc., as reviewed in Refs. 3 and 4. The
“strange metal” or marginal Fermi liquitMFL) phase has
been also well characterized experimentally, and given a de-
tailed theoretical explanationHowever, the canonical Fermi .
liquid (FL) phase, as defined in Ref. 6, which is supposed to o
exist below a temperaturg(p) (Refs. 1, 2, and 799n the =
overdoped regiolip> p,p), still rests on speculative grounds
with contradictory experimental data and no clear theoretical
understanding. We want to provide additional experimental
data and discussion in order to shed more light on the nature
of this region. Our main conclusion is that this phase is not a . . . . h . \
canonical FL. 000 005 010 015 020 025 030 035

p (holes per CuO, plane)

A. Phase diagram

B. Resistivi
esistivity FIG. 1. Generall-p phase diagram for hole doping in HTSC.

The temperaturé™* can be determined from resistivity Phases: Antiferromagneti@aFM), pseudogapPG), marginal Fermi
versus temperature measurements as the point where the figuid (MFL), superconductofSC), and Fermi liquid(FL). The
sistivity, p, departgdecreasesfrom a linear behavior in un- question mark in the FL phase indicates it is not confirmed.
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p=potalm for their measured samples and Hall effect in Y,_,CaBa,Cu;0,_s samples with different
Y1.CaBay(Cu,_,Zn)30;_5 as well as in samples measured Ca and O contenfdoping at temperatures abovg.. We
by other authors: La,Sr,CuO, (LSCO),'®8  compare our results to theoretical predictions from two rep-

Bi,Sr gLap 4CuQ,t® YBa,CwO,s (YBCO-123,® and  resentative FL models and show that they cannot give a sat-
TI,Ba,CuQ; (TBCO-221.%° In all casesm ranges from 1.1 isfactory explanation to our data.
atp~0.2 to 1.3 forp~0.25. A fractional power law would
be a clear indication of non-FL behavior and has been asso-
ciated with the hypothesis of a quantum critical point
(QCP),% in analogy with the situation in heavy fermiofis. A FL phenomenological model based on the assumption
We argue in Sec. V that the increasembver linearity in  of an anisotropic scattering rate along the FS was proposed
overdoped samples is not necessarily related to a phase trany Carringtonet al 2% A further development led to the nearly
sition or a crossover, but instead may be a consequence ahtiferromagnetic Fermi liquidNAFL) of Stojkovic and
the physical requirement of non-negative resistivity at lowPines® (hereafter referred to as SP-NAFL mogeThis
temperatures. model is supported by ARPES measurem@&ngsd band-
structure calculation® which show that the FS of hole-
doped HTSC looks like a square with rounded corners cen-
tered at thel’ point (w7, 7). Two regions with different

In contrast to theT-independent canonical FL behavior, Scattering rates are assuntédot regions Corresponding to
measurements dry, in different HTSC materials present a the large flat surfaces where magnetic interactjspin fluc-
strong T dependenceRy rises as temperature goes down tyation scatteringSFS] are stronger, withwy,7,) 1 T, and
below room temperature, presenting a peak feabefore  cold regions near the corners of the FS, With.r) 1T
the normal-superconductor transition. The temperature d&gjth > r.. For overdoped samples it is assumed that the FS
pendence, excluding the peak itself, can be fitted to the equiows with doping and that the scattering anisotropy reduces,
tion Ry(T) =R +B/T 2223 where the fit parameters depend therefore weakening the,(T) dependence. But there are no
on doping. FL theories of the normal state of the cuprategpecific quantitative predictions, in this as in most models,
assume that th& dependence oRy decreases continuously fqy overdoped samples.
with doping in all HTSCS® However, an objective observa- A second FL model we have chosen to compare our data
tion of published data shows, on the one hand, that evolutiog, js the one from Bok and Bouvié¥based on the Van-Hove
of Ry(T) with doping presents important differences betweensingularity (VHS). We will refer to it hereafter as the BB-
different HTSC systemsgsee discussion in Sec.)VOn the  vHS model. In this model, the coexistence of electronlike
other hand, none of them fits into the canonical FL pictureand holelike orbits at energies near the Fermi energy, when it

The case of YBCO-128; systematically presented in this jies close to the VHS, is emphasized. In the BB-VHS model,
report in Sec. Il B, shows a peculiar nonmonotonic behavR,, is given by

ior.

Il. FERMI LIQUID MODELS

C. Hall constant

R, = } nh(/“h)2 ~ ne(ﬂe)z
== ele
D. Hall angle € Nnitn+ Nete

The Hall cotangent cO8) = p,/ py, Presents experimen- Wherene, n, are the density of carriers ande, w, their
tally a robustT dependence, almost independent of dopingMobility (u;=er/m), i=e,h. They have shown that includ-
which can be fitted by co6,) =A+BT21725Some deviations ing_ second-neighbor interactlons_ in the_|r tlght_-blndmg_calcu-
from the quadratid dependence have been observed, espddtion, the FS possesses certain regions with positive and
cially for doping different from optimal. Wuytst allé qthers Wlt.h nggatlve curvature. Therefore, positive and_nega—
present results for YBCO-123 films showing tigaincreases tive contributions toRy may produce an apparent variable
with doping above the optimal level. This result is contraryCarrier density. The predicted sign changeRip would be
to what would be expected if the system were to approacﬁh'fted to the overdoped side due to this correctfon.
the canonical FL. Konstantinoviet al® reported measure-
ments of cotf,) in BSCCO-2212 and BSr; ¢Lag Ly 0, . EXPERIMENT
where they find the dependence (@)=A+BT?, with y
varying with doping from~2 for underdoped samples, going
down continuously to~1.7 in the overdoped region. High-quality c-axis oriented thin  films of

This broad spectrum of results suggests that HTSC may ,_ CaBa,Cu;0,_;5, with differentx and 8, were prepared
not approach continuously a canonical FL as doping inby dc off-axis sputtering by a method described elsewpere.
creases and that evolution with doping varies from system t@eposition time was 1.5 h, producing films with an average
system. To our knowledge, no conclusive experimental evithicknesst=1700 A and an uncertainty of13%. They
dence exists of a canonical FL behavior in overdopedvere deposited on square LaAJ@100) substrates of size
samples, except perhaps in TIBaCuO, whegg€T) presents 5x5 mn? or 10X 10 mn?. The doping level was adjusted
a weakT dependence and additionally the Wiedeman-Franby changing the Ca content and/or the O content by an-
law has been verifietf In order to explore further the nealing. Four indium contacts were fixed to the corners for
anomalous overdoped state, we have measured resistiviglectrical measurements. The main source of uncertainties in

A. Sample preparation
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FIG. 2. Schematic configuration of electrical transport measure- 0+ —T——T——T——
ments with the Van der Pauw method. Left, longitudinal resistivity 0 s 100 ?E’K) 200 250 300 3%0

pxx Right: transversal resistivity, or Hall constarf=py,/B,

whereB is the magnetic induction. _ L
9 FIG. 3. Measuredlongitudina) resistivity vs temperature for

) ) ) ~samples with different doping. Inset: normalized resistivity empha-
our measurements comes from the estimation of films thicksjzing the deviation from the high-temperature linearpfit)=p,

ness from the deposition tim@ccording to previouslycali- +bT. p deviates upwards in overdoped samples and downwards in
brated filmg. This uncertainty dominates over other possibleunderdoped ones.
error sources, such as surface roughriggscally a few per-

cen). data, in particular regarding Hall measurements versus tem-

perature. A cooling rate of less than 2 K/min was found to
be slow enough.

In order to preserve the square geometry of our samples
(needed for later measurements of penetration length with a IV. RESULTS
microwave resonat@rwe used the Van der Pauw method. A
currentl is sent through one diagonal and voltage is mea-
sured along the second diagonal, then we exchange the con- Resistivity measurements of samples with different dop-
nections forl with those forV and measure again. This ing are presented in Fig. 3. Resistivity values go down con-
method also requires the inversion of current sense and magnuously with doping levels. At the highest doping level
netic field direction in order to compute the average. Theachieved, resistivity reaches 3d) cm at 100 K. At room
magnetic field was applied perpendicular to the film's sur-temperature, the conductivity varies linearly with. In or-
face, i.e., along the axis, and scanned from -1 to +1 T. A der to find the temperature at whighdeparts from linearity,
linear fit to the data at different fields gives the slopewe have fitted each curve to the equatpnp,+bT, at high
dVy/dB, whereB is the magnetic induction, at every tem- temperatures. The normalized cufygT)—p,]/bT enhances
perature point. The Hall density of carriers is then computedhe deviation from linearity, allowing us to better determine
asny=[4l/et](dVy/dB)"1,>° wheree is the electronic charge the temperatured* and T;. The inset in Fig. 3 presents
andVy is the Hall voltage. In the following, the room tem- normalized resistivity curves for some selected samples
perature value ofhy will be used as an indicator of the dop- showing the departure from linearity. Resistivity of under-
ing level. We used the lock-in amplifier technique with an acdoped samples deviates downwards, while in overdoped
current of 10 mA(rms) at a frequency of 1 Hz. Resistivity is samples it deviates upwards, beldWw and T;, respectively.
measured by sending the currdnthrough the contacts on Resulting values op, are positive in underdoped samples,
one side of the sample and measuring voltage along the oplecrease with doping becoming zero at optimal doping, then
posite side. A second measurement along the remaining pairecome negative in overdoped samples, increasing in abso-
of sides is necessary if the sample is not isotropic. Outute value with doping. The slople decreases rapidly with
samples are twinned with treeandb axis randomly distrib- doping in the underdoped region and remains almost con-
uted on the plane between the two crystallographic axes dftant in the overdoped regime. Figure 4 illustrates the doping
the substrate, therefore they are isotropic. dependence of, and b. Figure 5 presents the data for

Figure 2 shows schematically the electrical connectiongnd T; versusny obtained in the way described above. We
and measurement procedure. The resistivity is then calcwbserve an almost linear drop it versusny, similar to
lated asp=[7/In(2)|(V)t/1, where(Vg) is the voltage aver- other reports? and in agreement with the phase diagram of
aged on the different configurations. Uncertainties on meaFig. 1. The lineT;, for overdoped samples, presents the op-
surements op andRy, are dominated by, getting close to  posite behavior, i.e., increasing with doping.
15%. The sample is introduced in an evacuated dewar, which
is immersed in a liquid nitrogen bath. Temperatures below B. Hall effect
77 K down to 60 K were obtained by pumping above the
cryogenic liquid. A temperature controller was used in order
to stabilize the sample temperature. We have observed that a Figure 6 presents Hall effect versus temperature measure-
small cooling rate is very crucial in order to obtain reliable ments for different doping levels. The data have been fitted

B. Measuring technique

A. Resistivity

1. Hall constant
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FIG. 4. Fit parameters for the high-temperature linear resistivity ~ FIG. 6. Measured Hall consta®, vs temperature for samples
p(T)=po+bT. Note the almost constant slofein the overdoped  with different doping, as indicated by the Hall numiogy. Note the
region, andp, becoming zero at optimal doping. strong T dependence even at the highest doping level. Curves are

fits to the equatioRy(T)=R; (1 +Ty/T).
to the equatiorRy(T)=Rj[1+Ty/T], whereTy is a charac-
teristic temperature above which there is a w@allepen- equally good for different doping levels. Fitting our data to
dence. Figure 7 presents normalized cuiRgél)/R}, versus  the more general power law Géf)=A+BT”, wherey is
T4/T, showing a universal temperature dependence for alhow a free parameter, we obtain the dependence oh
doping levels. The fit paramet&}, as a function of doping is doping shown in Fig. 11.
shown in Fig. 8. Figure 9 shows the results from Figs. 5 and
7, together with data for the onset critical temperaftfg
showing thafl, andT; coincide. A clear conclusion is that a V. DISCUSSION
canonical FL cannot exist in the overdoped region below the A. Resistivity measurements
Ty line, because below that temperatuRy is strongly

temperature-dependent. A constant high-temperatuf@ > T;) slopedp/dT=b ver-

sus doping, as we observe in the overdoped redian 4),
contradicts the FL relatiop=m/ne?r, which implies that
dp/dT varies asn™. Similar behavior has been reported in
An important parameter we can calculate from our data iRRef. 24 for YBCO, and for other HTSC in Refs. 6 and 23.
the Hall cotangent, c6,) = p,/ pyy=Vr/Vy. Due to the can-  This result reflects a unique property of the state abové the
cellation of the parameters related to the sample’s geometryine (MFL). It fits with the existence of a QCPsince the
as emphasized in the latest expression, computed values béhavior at critical doping is recovered above the @)
Cot(6) possess smaller relative errors4%. Figure 10 pre-  for p>p,, Additional argumentation in favor of a QCP
sents our data fitted to the quadratic law @gi=A+BT2. A based on resistivity measurements is presented in Ref. 15.
closer examination of the data reveals that this fit is noilhe high doping region below thg line (Fig. 1) has been

2. Hall angle
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FIG. 5. Characteristic temperatures for departure/(@ from FIG. 7. Measured Hall constant normalized by the fitted param-

linearity, measured fronp(T) curves in Fig. 3. The lind*(p) in eters from the equatioRy(T)=R}(1+T,/T). We see that all the
the underdoped region determines the pseudogap regior;gnd  data obey this law quite welll, is a threshold temperature above
in the overdoped region determines the presumed FL phase indivhich theT dependency weakens. Therefore, belowThdine the
cated in Fig. 1. system cannot be a canonical FL.
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FIG. 10. Hall cotangent vs temperature for different doping,
FIG. 8. Fitted parameteF,, vs n,,. The nonmonotonic V shape indicated byn,. Curves are fittings to Cofy) =A+BT.
of this curve is reported here. This seems to be a particular behavior
of the YBCO-123 HTSC system. tivity measurements are not conclusive regarding the FL

) ) ~ phase. Hall effect measurements shall provide us with addi-
studied by ARPES.The authors found the electronic excita- tional criteria in order to elucidate the nature of this region.

tions to be coherent in this region, in contrast to the nonco-
herent excitations in the MFL region. Such a coherence in
the former region indicates a metalli€L) behavior, as B. Hall effect measurements
pointed out by the authors. But the introductory discussion |y Fig. 6, we observe that all curves show a strong tem-
and our data on resistivity, Hall measurements and otheperature dependence, even for the most overdoped samples.
transport properties show an anomalous behavior not comrpe fitting parameteTy, in Fig. 8 presents an unexpected V
patible with a canonical FL. Therefore, we propose to callshape similar to that shown in Fig. 5. AboVg, the system
this new phase anomalous Fermi LiquiiFL) (Fig. 9. approaches the canonical FL behavior with a temperature-
The superlinear behavior @{T) at T<T;, sometimes as-  jndependenR,. However, this conclusion is in contradiction
cribed to FL behavior, may have a more trivial explanation.with our discussion of resistivity measurements. As already
Let us ignore for the moment the superconductive transitionaoted, belowT, the strong temperature dependenceRqf
Sincepy is negative in overdoped samples, as we reduce thgrecludes a canonical FL behavior.
temperature within the linear rang&>Ty), p(T) targets a The usage of an inappropriate scale in reports of data like
negative value. Since resistivity cannot be negative, at a cethose of Fig. 6, particularly when they include very under-
tain temperature, which happens to Bép), p(T) starts de-  doped samples which possess a large peaRfT), may
viating upwards in order to reach a positive valueTat0.  have created the misleading impression of a gradually reduc-
Given the dependence pf, on doping,T(p) must also in-  ing T dependence with doping. This impression has probably
crease with doping, as observed. In this scendri) does led several researchers to conclude that, in general, over-
not indicate a phase transition, nor a crossover. Hence, resis-

T 2.0+
250 | \T, MFL r°T
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200 ‘e " /‘./ *
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FIG. 9. Phase diagram for our Ca-doped YBCO-123 samples. nH(10 cm))
We have superposed the results from Figs. 5 and 8 together with
measured values of the onset critical temperafigfe The line Ty FIG. 11. Parametey vs ny, after fitting the data of Fig. 10 to
determines the boundary between a possible canonicghBbhve the equation Cdty)=A+BT?. The exponenty approaches its
and an anomalous Fermi liqui@FL) (below). maximum of 1.85 only near optimal doping.
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doped HTSC are canonical FL, as pictured in the general 6000+
phase diagram of Fig. 1. In order to show that a strdng

dependence still remains in different overdoped HTSC sys-

tems, let us make a comparison with data published by other

authors. To this effect, we have computed the ratio between 4000
the peak and room-temperature valugg,for different pub-
lished data. For instance, in TBCO-2201 the maximiim
dependence is observed in underdoped samples where
~1.36, and reduces gradually with doping rig=1.10 in
strongly overdoped samplé$® This is in fact the HTSC
system which presents the weakdstependence in over-
doped samples, which may indicate a smooth transition from ol =
MFL towards a canonical FL. The behavior of BSCO-2201 50 100 150 200 250 300 350
and Bi,Sr,CaCu,0 (BSCCO-2212 (Ref. 19 is similar to T(K)

that of TBCO with the maximunT dependence in under-

doped samples,;~1.30 for a hole dopingp~ 0.05. Then it FIG. 12. Hot and cold scattering rates computed from our trans-
reduces slowly tor;=1.20 in overdoped samples with port data, according to the SP-NAFL modgl: cold, wlt.
~0.23. Therefore, a substantiBbependence still remains at =CO6k); hot, 1/wym=n’e’p,Ry/B. Lines are guides to the eye.
high doping. A contrasting behavior is found in LASEGE Error bars for cold scattering rates are smaller than the symbols.

: : difference between both scattering rates persist at temperatures
At zero doping, the nonsuperconductive phase presents Icge ) i s .
ping P b P aboveTy (Fig. 8. This renders invalid the assumption that the

very strongT dependence withy =10, which weakens by . B .

increasing doping until it almost disappedrg~ 1.04), just dependence Ry is due tor's anisotropy(in OD samples
below the appearance of superconductivitypat0.04. A Fig. 8 cannot be explained in this model. The two scattering
further increase of doping produces a reappearance of therates predicted in this model were computed for our samples
dependence, which grows proportionally po At optimal  and presented in Fig. 12. The magnitudes in the left scale
doping,p=~0.15ry=1.44, and at high dopingy=0.25ry show clearly that we are in the low field approximation,
~1.70. In overdoped samples, tAedependence is more (w7) "> 1. The curves follow roughly the expected tempera-
apparent at temperatures belevt00 K. Simultaneously, the ture dependence(wp7,) *~T and (w.7) t~T? with
peak shifts to lower temperatures following the reduction ofr < 7. If 7's anisotropy were the origin for the temperature
T, by doping. Above 100 KRy(T) looks quite flat. The case dependence oR, then the anisotropy should disappear at
of YBCO-123 is very special. From experimental datae  temperatures as low as 140 K for optimal doped samples
find an already highl dependence,y~2.4, at low doping, (Fig. 8). The results of Figs. 8 and 9 are clearly not compat-
corresponding to the oxygen contet6.60. TheT depen- ible with this assumption. We conclude thatanisotropy
dence is nonmonotonic. There is a minimum nea6.85, alone cannot explain the behavior Rf(T). A difficult point

with ry=~2.14, and an increase tn~2.5 at maximum dop- in this model is the predicted FL behavior at high tempera-
ing, x=7.0. This behavior, similar to our dat&igs. 6 and tures. WhileR, satisfies that prediction faF> T, p instead

8), disagrees with the expected trend from the phase diagrakeeps its non-FL linear on-temperature dependence up to
of Fig. 1. high temperatures.

Regarding the Hall angle, a fit to a variable expongent Let us now turn to the BB-VHS model. Computed curves
works better in fact than the quadratic law. The fitted expo-of Ry(T), at first glance, look qualitatively similar to experi-
nent y versusny, presented in Fig. 8, attains its maximum ment, except for the peak, which in their calculations appears
value ~1.85 at optimal doping. It decreases faster in theat too low temperatures, below. This may be due to the
underdoped side, down to 1.56,=0.4x10°?cm ), and  fact that their model does not include superconductivity.
drops more slowly in the overdoped side, down to (@3  However, a careful examination of their curves shows a rise
=1.7X 10?2 cn?). This behavior cannot be explained in the of R with reducing temperature that is much larger than
FL frame. experimentally observed. Computing the peak to room-

Now let us discuss our results in light of the two FL temperature ratiay=RP/R,(300 K) in their plots gives
models introduced earlier. Let us start with the SP-NAFLr,~=1.7 in overdoped samples, =~ 3.5 at optimal doping,
model, which provides explicit expressions that allow us toandr, = 25 for underdoped samples. These values are above
evaluate the temperature and doping dependence of thhe range between 1.1 and 2.5 found for different HTSC, as
transport coefficients. The expression Ry(T) is a polyno-  reviewed above. Another difference is that their normalized
mial [Eqg. (34) in Ref. 13, which under the assumption curvesRy(T)/Ry(T*) versusT/T*, where T* is defined as
T>T,, whereT, is a parameter in this model, can be ex-in Fig. 5, decrease continuously, apparently to zero, at high
pressed af(T)=Rj;[1+6.5Ty/T]. This is the same law as enough temperatures. Instead, in our fit, and also as found by
we have found, with the scalirif,=6.5T,. Ty is predicted to  other authord®22 it converges to a constant vall;, at-
grow linearly with doping in underdoped samples. Howevertained already near room temperature. No results are pre-
experimentally we find such a linear growth only in over- sented for the overdoped region. A crucial point in this model
doped samples. On the contrary, in underdoped saniples is the predicted change of sign Ry, related to the crossing
decreases with doping, as shown in Fig. 8. The V shape aff E; by the VHS, which should occur negg,*? Although

1/ ot
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experiments have confirmed a change of sigRjmat heavy idly T-independent af > T, butp(T) is linear(MFL). In the
doping,p~=~0.3 in LASCO?® it has not been observed in our overdoped region, at low temperaturBs(T) has an anoma-
samples, nor in any other HTSC by other authors. Thidous behavior whilep(T) might be though of as having the
model predicts the corredt* versusp linear decrease. An canonical FL behavior-T2 (AFL). These results contradict
interesting question is what would be the predicted behaviofhe assumption of a canonical FL region in the overdoped
for T; or Ty in the overdoped regime. The same difficulty region as shown in the phase diagram of Fig. 1. They cannot
emphasized above regarding the high-temperature FL limipe explained by the smooth reduction of the relaxation rate
cannot be solved in this model. In fact, we believe it will be anisotropy with doping predicted by the NAFL model of
hard in any regular FL model to harmonize the observedstojkovic and Pine$3 nor by the VHS-based model of Bock

high-temperature behaviors Bf; and p. and Bouvier? In fact, these models, as well as others, do not
address directly the problem of the overdoped regime but
VI. CONCLUSIONS rather assume that it is a canonical FL. A correct model of

. . . .. the normal state of the HTSC should take into account the
Evolutlon_of normal transport properties with _doplng in anomalousT-dependence behavior pf Ry, and coté,) in
YBCO-123 is not monotonic, contrary to what is usually he overdoped region. We encourage theoreticians to under-

believed. Furthermore, this material, as well as other HTS af(e the challenge of discussing these points and to extend

systems, does not present a clear trend towards a canoniqﬁeIr models to the overdoped region, which up to now has
FL at high doping. This appears to be the rule, except prObbeen almost neglectdd-55 '

ably in TBCO-221. For YBCO-123 in particular, we find a
minimum in theT dependence oRy at p,, Our measure-
ments of the Hall effect show th&,(T) approaches a con-
stant value Ry}, for any doping level at temperatures above
the lineTy(p). Additionally, we find no range of temperature  This work has been supported by the Heinrich Hertz Cen-
and doping where botl and Ry have simultaneously the ter for High Temperature Superconductivity and by the Oren
canonical FL behavior. At optimal dopingy becomes rap- Family Chair of Experimental Solid State Physics.
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