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Scaling of the conductivity in icosahedral Al-Pd-Re metallic samples
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Temperature dependence of electrical conductivityis investigated for a set of icosahedral—()
Al;q PdRe; 5 samples. We focus on ribbon samples with resistance r&iep(4 K)/p(300 K) below
=20. We show these samples are on the metallic side of a metal-insulator transition. We anaty¢E)alata
between 400 mK and 300 K with the one-parameter scaling theory of the Mott-Anderson metal-insulator
transition. To the best of our knowledge, this is the first overall approach covering all the metallic samples of
this system and a large temperature range up to 300 K. This interpretation highlights the relevance of the
critical regime close to the metal-insulator transition, regime that is characterized by an inelastic scattering
length smaller than the metallic correlation lengthConsequences for insulating- Al-Pd-Re samples are
also discussed.
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[. INTRODUCTION now no experimental evidence for the opening of a true
semiconducting gap in the electronic density of staX3S)
Stable quasicrystals of high structural icosahedral ordeof i —Al-Pd-Re samples.

possess a long-range order that set them structurally apart This question should be related more generally to the
from what are called disordered systems. Among these m&hysical origin of the high resistivity values observed in a
terials, ternary alloys based on Al and containing transitiofumber of icosahedral alloys. The respective roles of quasi-
metals display spectacular electronic properties. |ndeed3erlod|C|ty, chemlstry, disorder and elgctron—electror)_mterac—
icosahedral alloys likei —Al-Pd-Mn, i—Al-Cu-Fe, and tions are experimentally and theoretically not clarified, al-

more significantlyi — Al-Pd-Re, have values of the electrical though signatures for these effects might be infered from the

resistivity p orders of magnitude higher than their constitu- Femperature and magnetic field dependence of the conductiv-

tive metals. For example, the resistivity can réach ity o, or from the energy dependence of _the one-electron
10mO cem at 4 K in i—Ai-Cu-Fe and can excedd DOS near the Fermi level. A comprehensive and coherent

1000 mQ cm at 4 K ini — Al-Pd-Re samples. It should be interpretation of simple measurements like Thdependence

) . of o is still lacking in thei—Al-Pd-Re system. Regarding
noted that in thé — Al-Pd-Re system, we have found that the the o(T) data, two kinds of approach have been proposed in

value of p(4 K) can change by two orders of magnitude, the jiterature. On the one hand, the low-temperatures
even fori-samples of the same nominal composition a”da(T,H) curves were analyzed. For the more metallic
prepared in the same waylhis allows us to get samples in i—Al-Pd-Re samples, o(T,H) at temperatures below

a wide range of resistivity values. Another remarkable prop-—~39 K were interpreted by quantum interference effects
erty is the “nonmetallic” dependence pfwith the tempera-  (QIE) taken into account both the weak localization and the
tureT. The resistivity can beta K twice the room tempera- electron-electron interactions contributions. Although this
ture value ini—Al-Cu-Fe and up to 200 times in some theory is perturbative, it seems to fit the data well, including
i —Al-Pd-Re sample$® By analogy with disordered sys- samples withR up to 5. This analysis was forced up B
tems, such values suggest the crossing of a metal-insulater10 but beyond it definitively breaks down. For systems
(MI) transition in thei — Al-Pd-Re system. In fact, it can be close to the Ml transition, the nonperturbative but controver-
showrl that the resistance rati®=p(4 K)/p(300 K) is sial theory of McMillart® predicts a square-rodE depen-
correlated with the resistivity of the samples, the higher dence for the conductivity at very low temperature. It was
the higherR. This ratio thus makes up a good parameter inalso useifor i — Al-Pd-Re samples on the metallic side and
order to classify the — Al-Pd-Re samples according to the near the MI transition, below=20 K. The interesting point
MI transition. Recent studié§-1°have tentatively concluded is that both QIE in the weak localization regime and Mc-
to the existence of a MI transition in this system for a valueMillan prediction result from disorder-localization effects
of R around 20. However, our preliminary structural andand electronic interactions. In the same vein, &{&) laws
chemical analysis df— Al-Pd-Re ribbons of various resistiv- of disordered insulators, like the Mott’s variable range hop-
ities did not yield evidence for differences betweenping (VRH) conductivity, were also used far-Al-Pd-Re
samples! As a matter of fact the actual difference betweensamples near the MI transition and deep in the insulating
insulating and metallic— Al-Pd-Re samples is poorly under- regime.®10:14-16

stood, and the “microscopic” origin of the MI transition in On the other hand, less attention has been paid to the
thei — Al-Pd-Re system remains an open question. We mushigher temperature part of the(T) curves(i.e., 30 KT
stress that the MI transition is not only a band-structure prop=<300 K). Noteworthy power laws were obserfesh two
erty as it was observed in some crystalline alloys likeRAl  orders of magnitude i (from 6 K up to 600 K) in highly
composed also of metallic elemeftindeed, there is until resistive i —Al-Pd-Re samples. Some interpretations were
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advanced, such as Refs. 17 and 18, and a common opinion is Now at a given temperaturg the maximum lengtt. for

that these power laws could be the manifestation of théhe renormalization ofy is the inelastic scattering length

anomalous spreading of electronic wave functions theoretik;,(T). Indeed, ifL>L;,(T), the quantum coherence of the

cally predicted for quasiperiodic potential§-2* wave function is lost and ohmic regime is believed to be
But to our knowledge, no coherent model has been advalid.?® The conductivity thus takes its macroscopic value as

vanced that can explain both the metallic and insulatingsoon ad. reached.;,(T) anda(T) is given by the relation:

o(T) regimes, at both low and intermediate temperatures.

Without such a unified picture the situation will remain con- e? g(Liy(T))

fused and no light can be shed on the MI transition in the o(T)= PTG S 1)

i —Al-Pd-Re system. In this paper, we propose an analysis of "

our o(T) data below 300 K for a set of samples on the| et us consider the metallic side of the Ml insulator transi-

metallic side of the M _transitign. This ana]ysis brings outtion. If L;,(T)<& (& is the correlation lengththe sample is
three important conclusions. First, the scaling theory develin the critical regime. Therg=g.., and

oped for disordered systems near the Mott-Anderson Mi

transition can be applied successfully to #h€T) curves of e2 B
metallic i — Al-Pd-Re. Second, the MI transition is located U(T)Z?L-—(T)’ (2)
close to a ribbon sample of resistance ra&is 20. Third the n

critical regime is to be considered in order to understand th?vhereB is a constant of the order of unity. THedependence
o(T) dependence in the wholE range near the MI transi- of o is given by theT dependence of;(T). If L, (T)>&

tion. This last point should also be valid in the insulating.[he sample lies in the metallic regime. Then, it can be
phase. showrf? that the residual conductivity is
Il. SCALING THEORY, METALLIC AND CRITICAL e? A
REGIME o(T=0)=~- z )

Abrahamset al. propose® in 1979 a scaling theory of

the Anderson MI transition, based on the renormalization—WhereA is another constant of the order Of unity.
group analysis and on the pioneering work conducted by As L;,(T) decreases when temperature increases, samples

Thoules£32* In this theory, the conductand@ [or the di- close enough tg the MI transitidﬂnaving Iarggg) canlleave
mensionless Thouless numiger G/(e/%)] for a system of fr_om the metallic regime at lowW into the critical regime at
sizeL evolves in an universal way with and this evolution high enoughT. A general law san be extrapolated in the
depends only on the value of the conductance itself. We calfitérmediate temperature range’

distinguish different regimes for the dependence wfith L. )
We callg, the Thouless number at the microscopic scale that U(T):e_
is typically the elastic mean free pdth,. The critical Thou- h
less numbep,. corresponds to the location of the MI transi-

tion and is of the order of unity. I§,>g., the system is on Similar arguments can be developed on the insulating side
the metallic side of the MI transition arglincreases with.. of the MI transition, and an important prediction is that the
For large enougly, the ohmic regime is recovered and the critical-regime laws are valid on both sides of the
conductance i€ =(e?/#)g=oL at 3D. Ifgo<g., the sys- transition?”?® This simply reflects the idea that, if a system
tem is on the insulating side of the MI transition is probed on length scales smaller thgran insulator cannot
and g decreases by increasirlg This is consistent with be distinguished from a bad metal. In fact, these two states
exponentially localized electronic states gb<exp(—L/¢§),  differ only in the low-temperature properties, and by defini-
where ¢ is the localization length of the wave function. tion in the zero-temperature conductivitfinite or equal to

If go=9c, g is independent ot. and adds tay.. Forgy  zero.

close tog., g changes little with. (g=g.) and this is only The relation betweeh;,(T) andT depends upon the con-
for very largeL that it evolves towards a clear metallic or sidered regime. If we introduce,,(T), which is the average
insulating behavior. This is the critical regime of the MI time between two inelastic scattering events, we expect
transition. In other words, in this regime, the metallic andL;,(T)x7,(T)Y? in the metallic regime andL;,(T)
insulator behavior are not fully developed in the system andx r,,,(T)®in the critical regimé® In general,z;,(T) is pro-
cannot be distinguished. Therefore, the scaling theory introportional to T~P. The value ofp depends on the inelastic
duces two important length scales. On the metallic side oprocess (electron-electron inelastic scattering, electron-
the MI transition, this is the correlation lengéh This length  phonon inelastic scattering .) and on the resistivity of the

is the border line between the ohniier metallic regimeL samples(the strength of disordgr Note that the dominant

> ¢) and the critical regimel(< ¢). On the insulating side of ~scattering process changes with temperature, so plo&l

the MI transition, the localization length also notécparts  these features give complexT) laws, which evolve when
the exponential decrease gfii.e., the insulating regimd, approaching the Ml transition.

>¢) from the critical one <¢). The two lengthsé are From previous arguments, we can write a general relation
sample dependent and they diverge at the Ml transition. for a given sample labeled bR between its conductivity
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or(T), its inelastic scattering length,, r(T) and theg func-
tion that following Abrahamet al?2 should be the same for
all the samples,

e? 1

oRD= 5 [ MY

©)

Lin,R(T))
&r

This relation is believed to be valid also in the presence of

effective and finite interactions between electr6h©ne
way to extract the functiog on the metallic side of the Ml
transition from the experimentatz(T) curves is to use the
following relations® First, from Egs.(3) and (2) we have
or(0)=e€’/(hég) and or(T)=€%/[fiLin g (T)]. The con-
stantsA and B have been omitted for simplicity, anR,
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FIG. 1. Conductivity between 2.5 K and 300 K for two
i —Al-Pd-Re metallic ribbons R=2.37 and 5.88 and two
i —Al- Pd-Re insulating ribbonsR=29.3 and 17h

corresponds to a sample just at the Ml transition. If we make

furthermore the crude approximation that(T) is the same
for all the samplegwhich is satisfactory only to describe
general trends then we get®

Lin(T) _ 0w(0)

&r ordT)’ ©
Lin(T)| op(T)
g( € )‘aRcm' @)

sition. As previously discussed, we can obtain ribbons with
resistance ratios between 2 and 200 from the same ingot.
The conductivity data in the range 2.5 K-300 K were
obtained in a homemade K#ux cryostat. We used a four-
aligned contact geometry, with a dc current source Keithley
224 and a nanovoltmeter Keithley 181. A few samples were
also measured down to 0.4 K in a H®xford Instrument
cryostat, with a low frequency ac briddeinear Research
700). In both cryostats, the current intensities were chosen
low enough to prevent heating effects, and special care was

So the scaling hypothesis can be tested with a set of datgken for the thermalization of the samples. One ribbon with

or(T) and with the curverg(T) of a sample located ex-
actly at the MI transition. It is worth noting that this ap-
proach is only valid as long als;,(T)>L,,. Some recent

analysis using Eq$6) and(7) was successfully performed in
disordered systems like Nb-Sf

IIl. RESULTS

R=20, prepared from a different ingot but with the same
process, was measured in a dilution fridge down to 10 mK.
Details have already been reportédand we are confident
in the thermalization of this sample down to 20 mK.

In Fig. 1, typicalog(T) curves for two metallic ribbons
(with R=2.37 and 5.88 and two insulating ribbongwith
R=29.3 and 175) are presented between 2.5 K and 300 K.
All the curves are parallel around 300 K and the differences

The conductivity data are presented in this paper forare more pronounced only at low temperatures. From at least
i —Al-Pd-Re melt-spun ribbons prepared from the same in50 K up to 300 K, the temperature dependence afan be

got (nominal composition Al PdhRe;5) and with a maxi-

described by a power laws(T) = o¢+ o, T The exponent

mal annealing temperature around 1000 °C. The structurahcreases gradually from=0.97 forR=2.37 toa=1.5 for
quality of the samples was checked by powder x-ray diffracR=175.

tion, as well as microdiffraction at the ESRF Synchrotron.

The determination of the zefbconductivity, and thus the

All the peaks of the patterns could be indexed by the icosaprecise location of the MI transition, is difficult to handle.
hedral phase, with no secondary phase. The latter was aldogure 2 is a zoom into the low temperature rariget—20
confirmed by scanning electron microscopy and microprobd) of o(T) for four samples near the MI transitiorR(

analysis>*t

A critical point in the scaling analysis near the Ml transi-
tion is the accurate estimate of the absolute conductivity oflependencé =3¢ |f

the samples. Actually, a direct estimatecofn our irregular-

=14.1, 16.6, 21.8, and 29.3). Within the Ml literature, two
kinds of extrapolation laws are used@®? and TY3¢(T)
we limit our analysis above

=25 K (2.57=1.6), TY?law gives satisfactory results

shaped small ribbons can lead to relative errors up to 20%(see the middle panel of Fig).2But at lower temperature,
Thus, by analogy with what is done in disordered systemsthe decrease of the conductivity seems to be stronger, at least

we have used the resistance raRep(4 K)/p(300 K),
that can be determined to a much higher accurdmtter

than 1%). We have established an empirical relation be-

tweenR and the actuab- value by taking an average curve

for the R=14.1, 16.6, and 21.8 samples. For these three
samples, &° dependence better fits the curves between 0.5
K and 5 K (bottom panel of Fig. 2 By choosing ar*/? law

for the extrapolation, as was already done for metallic

from o (R) measurements on a large number of samples.— Al-Pd-Re sample& we find that the MI transition is lo-
113275 a consistency test, we have also checked that Bach cated at aR value just aboveR=21.8 (compared withR

value is associated with a singl€T) behavior, and that the
o(T) curves evolve smoothly and gradually witd This
confirms the idea thaR is a relevant parameter to sort the

ribbon samples according to their proximity to the MI tran-

=14.1 if we have chosen tHE'® law). These results agree
with similar recent studies in— Al-Pd-Re ingots’

However, measurement ofR=20 (see the top panel of
Fig. 3 ribbon down to 10 mK provides interesting informa-
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FIG. 3. Top panel: Very-low-temperature conductivity be-
3ok Exp. df'/t;‘ - tween 10 mK and 1.2 Kas a function ofT for a ribbon ofR=20.
T : C+DT™" model s The conductivity is normalized at 4 K. Bottom panel: conductivity
g : - normalized at 4 K as a function &% for different ribbons T
a 201 <4 K). Data are plotted for three samples: the sample measured
© down to 10 mK and two samples measured down to 400 M (
10 =16.6 andR=21.8). TheA+ BT fits from Fig. 2 are also plotted
[ for the R=16.6 andR=21.8 as full lines.
ok

10 mK (see the bottom panel of Fig),3and indeed much
different from the one deduced withi*® law [o(T=0)
FIG. 2. Conductivityo as a function of temperaturg (top negativd. We would expect a similar feature for the other

pane), TY? (middle pane, and T3 (bottom pane] for ~ Metallic samples in view of the similar(T) behavior(see

i — Al-Pd-Re ribbons near the M transition. In each panel, from topfor instanceR=16.6 plotted on the same scpleConse-
to bottom:R=14.1, 16.6, 21.8, and 29.3. The temperature range§lueéntly we eventually deducex(T=0) values of our me-
between 0.4 K and 20 K in all panels. THe+BTY2 and C tallic samples from thel™? law drawn as straight lines in
+ DT fits used to estimate thex(T=0) values are indicated by Fig. 2. The quality of the scalin¢see Fig. 4 obtained with
full lines.

tion. In the commonT range of measurement, above . 111:;::&(0.4-2951()

=400 mK, the normalized conductivityg(T)/o(4 K) is oS 10F © R=141 (0.4-295K) .
indistinguishable between the=20 andR=21.8 samples e Lo RIS g';'_';'ﬁ']‘()) ]
(due to similaR), both samples having B® dependence up = o R=237 (2.5-295K)

to =5 K. A drastic change in thd dependence ofr is o . : .
observed only below=200 mK. Indeed, the conductivity | Critical regime ?ﬂ;};"f
seems to saturate at a constant value notably different from :

the value extrapolated with tHEY® law. Similar trends were (1) ol o 1' e ""1'0 '

already observedn other ribbons measured down to 40 mK.
Other changes in th@ dependence ofr are of coursea
priori possible at lower temperatures and thus, the actual FIG. 4. Scaling functiorg on the metallic side of the MI tran-
extrapolation aff =0 is not an easy task, as also debated iniion as a function of the parametek; (T)/¢. For each
many disordered systems near the Ml transitisee, for ex- j_ al.pd-Re ribbon, the resistance rati®and the temperature
ample, Ref. 33 range of conductivity measurements are indicated. The theoretical

Interesting enough the usual extrapolationodfT) to T curve 1+L;,/¢ is represented as a full line. The critical and the
=0 with the TV power law gives ar(T=0) value close to  metallic regimes are also located. They are separated by the dotted
the saturation value inferred from the measurement down téne L;,(T)/é=1.

1
Li n/g
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TABLE I. Parameters extracted from the scaling analysisscaling theory of the Mott-Anderson MI transition. This is
(see text actually another proof for the existence of a Ml transition in
this system. The previous evidence for a Ml transition came
from the direct analysis of the conductivity dependence on
temperature. This was done on the one hand by an approach

R or(0)(Q cm)™t Ty K L, (4 K)/ég & A

2.37 162 200 15 6.8 . . .
c 83 412 20 37 o, from the metallic sidd o (T) =00+ my/T]. The transition is
; ' . there estimated to occur for the sample having,=0, as
11.5 10.0 4 0.97 100 . . . . .
we did in Fig. 2. But as it has already been mentioned, this
14.1 6.21 1 0.57 170 vsi ff f ible deviati t ¢
16.6 377 05 0.35 s99  analysis suffers from possible deviations at lower tempera-

ture (see Figs. 2 and)3 Moreover, it is also bound to the
actual interpretation of the temperature dependence. Indeed
this choice ofor(T=0) confirmsa posteriorithat this ex- we believe that these extrapolation laws should not be used
trapolation value is meaningful. in principle to locate the MI transition since they are taken in
We now come to the scaling model. Following the abovethe temperature range of the critical regirfsee below.
procedure, we have deduceg(T=0) for a number of rib-  poreover, the very low temperature(T) could eventually
bons on the metallic side of the MI transition, wiR  gatyrate, even for nonmetallic samples, the reason being in

:b2'37’ 5.835 11'5'h14'1’ ar;ézlgfese ngle)l' As ixplaipgdl some cases an improper thermalization of the samples, as
above, we have chosen t -8 ribbon as the critical o 1ained elsewher®:®t On the other hand, insulating

sample, i.e., the closest to the MI transition. We have finallysam les were considered. The insulating character was
plotted on a double-logarithmic scalg versusL,,(T)/&, P ) 9

from Egs.(6) and (7). Each sample is represented in Fig. 4 showr? 4% by an exponentiall dependence otr(T).

by a different symbol. For each sample, only data at thd1owever, some concerns were risen because of the Jall
highest and the lowesk range of measurements and a few value; the presence of an additional constant t&tr®or
points at intermediate temperatures are plotted, not to ovein some case a small fitting range.

load the figure. We can see that in a first approximation, all The second result of Fig. 4 is that we could locate the Ml
the samples collapse on a single curve. Moreover, this curvsansition for a sample of ratiB.=20. The value determined

is very close to the theoretical one expected for disorderethis way is in good agreement with previous estimates on the
systems near the Mott-Anderson transition, namely, lsame ribbon-type samples, from magnetoresistance
+L;,(T)/& (full line in Fig. 4). The small deviations in the measurementsThe magnetoresistanaip(H)/p cannot be
low-T range ofog(T) near the M transition could be attrib- fitted even qualitative# by the quantum-interference ef-
uted to several factors: the uncertainty in the acw@l  fects in the metallic regime for ribbon samples RE 23.
=0) values, the fact that thie=21.8 sample is probably not Also §p(H)/p goes through a maximum arouii= 20—30,
exactly critical and the possible variations Iof,(T) values which was early identifictias the Ml transition by analogy
with R. Note that we have also tested the scaling model withyith disordered systems. Finally thR, value is also in

1/3 . . .
a T™* extrapolation law forog(T) but in that case, the dif-  45reement with other estimates franiT) measurements on
ferent samples do not collapse on a single curve. This glveﬁ]gotsg or thin-film sampleg?

an order of magnitude about the sensitivity of the scaling t0 “t1a third conclusion that stems from Fig. 4 is the impor-
its input parameters, like the values®fT=0). Once again 5nce of the critical regime for all the metallic ribbons mea-
this scaling picture is quantitatively and qualitatively similar sured. For example, from Fig. 4 and Table I, the sanile
to Wh?‘ is_experimentally found in disordereq_systems onthe. 16.6 lies for all tHeT range of measureme’nts inside the
metallic side of the Mott—Anderson MI transitioh, ritical regime. TheR=5.83 sample enters the critical re-
We can deduce from Fig. 4 the temperature, that we Calf}ime above=40 K. Only the more metallic sample of this
Ty, such adin(T,)=¢ [actuglly, of the order of because g jeg R=2.37) is in the critical regime in a smallrange.
the rat|qA/B wgs_neglected N equ_a_ndﬁ)]. By definition of Then, our estimate af(T=0) cannot be physically justified
¢, Ty s the limit between the critical regimd&T,) and 5 priori, because by definition in the critical regime a system

:hg metallicfregimzeOTO<KT%). TSeTgfg%‘?r?Eg”ed din Table a5 not experienced its metallic or insulating nature, so criti-
ecrease from or the the=2.37 riobon down 10 5| |3\ cannot give precisely(T=0).

0.5 K for theR=16.6 ribbon near the MI transition. In the The different curvatures of the temperature dependence
last column of Table I, we tentatively give an estimat&pl 5,1y can be readily interpreted by considering the critical
for the different samples, by assymjrﬁgm |nelast|c mean- regime (T>T,) and the lower-temperature metallic regime
free path &4 K of 100 A. We find amaximal value of (T<T,). From Table I, the samples closest to the MI transi-
290 A for the S"’?mp'e plosest to the MIRE16.6). This tion (R=14) are in the critical regime for almost the enfire
va!ue matches ‘.N'th a direct esgmate from th2e evaCt formu'ramge. In this regime the temperature dependence of the con-
lation of equation(3), namely* o(T=0)=e /(3777?5)’ ductivity is o/(T) 7,,(T) "2 The metallic regime should
which givesgg=220 A for o(T=0)=3.77 (@ cm) ™. be recovered only at the lowest temperatures, for instance
below 200 mK for theR= 20 sample shown in Fig. 3. Above
T,, the 5o(T)=T'® (see bottom panel of Fig.)2an be
The first result of Fig. 4 is that the conductivity of our explained in the critical regime by an inelastic scattering
i —Al-Pd-Re ribbons withR<22 follows the one-parameter time 1/r;,(T)=TP, from whichp=1 is deduced. A straight-

IV. DISCUSSION
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forward interpretation is the occurrence of Idwelectron-  tently with theories developed for the Mott-Anderson MIT in
electron interactions effect$,which are actually expected disordered systems with no need for quasiperiodic specific
and observed at the lowest temperatures in disordered sykws. Indeed in quasiperiodic systems an anomalous spread-
tems. By increasing temperature, the main inelastic scatteing of the wave function was numerically obsenfédtand

ing mechanism in disordered systems becomes electrom diffusive regime is predicted to be recovered beyond a time
electron diffusions withf* 1/7,(T)*xaT¥?+bT?. So in the 7, given by 1f=1/7¢+ 1/7,(T). It can be shown thatr
critical regime, we expeafo(T)=aTY?+bT?3, The T ob-  =7?#~' with 0<B<1 depending on the quasiperiodic
served in the middle panel of Fig. 2 can thus be readilyHamiltonian parameters and the energy considered. If
accounted for. At higher temperature but below the Debyein(T)<7e| [Le>Lin(T)], theT dependence of the conduc-
temperatur®, (©,~450 K ini—Al-Pd-Re from specific  tivity is determined by the labf o(T) = 7,(T)?~*, which

heat measuremefis 7, is dominated by electron-phonon Can give temperature power laws wighpriori unexpected
inelastic processes. In a disordered metal, the expqnies ~ €XPonents. In the reverse cdsg>L., it is expected to find
between 3 and 4 and increases with the strength ohe usual laws of disordered systems for the temperature de-
disorder®® i.e., p increases by decreasing. This yield a pendence of conductivity. Within this simplified description,

power law for 5o(T) with an exponent between 1 and 4/3. the guasicrystalline and d|sordered-system p!ctures can be
. . viewed as complementary by supposing that is not too
Such values correspond quite well to our observations abov,

~50 K (see Fig. 1 Indeed, the exponent in the higher tem- I%rge in these systems so that the relatign>L , is valid in

7 : : a wide T range. In any case, the microscopic relations be-
perature range is just below 1 for the ribbBr=2.37 and is 1 ean conductivity and defects, for instance, should be ad-
increased to 1.13 for the less conductig 21.8 oneall the

, O , : dressed by the quasiperiodic laws through 72f~1. It
present samples are in the critical regime at high temperasy, .4 also be emphasised that these systems are not ordi-
turg. _ nary disordered systems, for which a very short mean free

Considering now the more conducting samples, they sufpath would simply result in a trivial amorphous metallic-
fer a change of regime from metallic to critical at much g)10y pehavior of much larger conductivity. Actually, a small
higher temperaturésee Table )l This does not affect the | temains surprising in a structurally ordered alioy. In this
scattering mechanism but its relation to the conductlwty:regard’ the determination of tHe,, value ini— Al-Pd-Re

~102 : -
60 (T)e7in(T) ™7 in the metallic regime compared t0 & samples, and more generally in highly resistive icosahedral
power —1/3 in the critical regime. Similarly as above, we gjioys, would be a key element.

thus expect in the metallic regim&r(T) to evolve from a
JT (low T electron-electron interaction effett the lowest
temperatures, to power laws intermediate betwE&hand T
(exponent just below or equal to onat higher temperature
(electron-electron inelastic diffusionsand stronger expo- In conclusion, a one-parameter scaling analysis is pro-
nent (T®? and T?) at higher temperaturéelectron-phonon posed for the first time in order to explain the temperature
inelastic diffusions These laws are well observed in our dependence of the conductivity of quasicrystals. The analysis
samplegsee Fig. 1for the higher-conducting samples up to includes all ouri — Al-Pd-Re ribbon samples on the metallic
the crossover temperatur®,. Actually, the crossing from side of the MI transition(resistance ratios below 20) and
one dominant scattering mechanism to another is vergpreads over a temperature range from 0.4 K up to 300 K.
smooth, so we do not expect to observe more than a slighivithin this approach, firstly the transition has been located to
curvature change in théc(T) curves. occur for a critical sample oR=20. Secondly, the entiré
Important conclusions can be drawn from the validity of range of the present(T) measurement can be interpreted,
this scaling analysis for the insulating samples too. Fotogether with the evolution of the residual resistivity. Thirdly,
highly resistive samples, the critical regime should dominateur analysis brings out the importance of the critical regime
theT dependence af, down to lowT near the Ml transition. near the MI transition, characterized by a specilfidepen-
This remark naturally explains the continuity and similaritiesdence ofo. This regime should also be considered in insu-
of the o(T) curves around 300 K independent of their me-lating i — Al-Pd-Re samples in order to understand the con-
tallic and insulating character that was already noticed irductivity behavior in the whole temperature range. It would
Fig. 1. We will propose in a forthcoming paper a coherentbe now interesting to perform the scaling analysis on the
interpretation of the whol@ range of insulatingr(T) curves  other set ofi — Al-Pd-Re samples, like ingots, in order to
based on this idea. Note in particular that the same scalingonfirm its universality in this system. Last but not least, our
analysis can be used in principle for insulating samples toodata are similar to what is found experimentally and pre-
It is not common to observe such a scaling behavior in ardicted theoretically in disordered systems near the Mott-
alloy of metals, which puts emphasis on the quasicrystallindAnderson MI transition. This is an interesting issue in a
nature of the material. The reduced density of states and th&ructurally ordered system composed only of metallic ele-
very low conductivity are to be understood in the frameworkments. This point deserves further theoretical and experimen-
of theories dealing with this specific structyrele of quasi- tal works. Indeed, disorder and electron correlations are the
periodicity, icosahedral atomic environments, defedtow-  driven parameters of the Ml transition in disordered systems,
ever, we have shown that thg(T) curves <300 K) of but their actual role in highly resistivie- Al-Pd-Re samples
i —Al-Pd-Re ribbons oR<=20 can be interpreted consis- is still unclear.

V. SUMMARY
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