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The effects of magnetic field and pressure on the unusual spontaneous behavigr©#& MNO; have
been thoroughly investigated. Resistivity and volume thermal expansion, both under magnetic field and pres-
sure, ac susceptibility under pressure, magnetostriction, magnetoresistance, and neutron diffraction measure-
ments, have allowed us to determine the relevant underlying mechanisms in this systemTAbweeutron
measurements reveal short-range ferromagnetic correlations and the anomalous volume thermal expansion
indicates that local distortions are present. Both experiments support the formation of magnetic polarons above
T.. At T, the compound undergoes a paramagnetic-ferromagnetic transition accompanied by an insulator-
metal-like transition with anomalies in the electrical and volume properties. Abgyke magnetic field and
the pressure favor electrical conduction by enhancing the double-exchange interaction TBéh@ametallic
state is favored by the magnetic field and the pressure in a different{#@$63-182€06)04726-1

I. INTRODUCTION pling. The Mn spin alone accounts for the experimental satu-
ration magnetization of LaCa;sMnO;.1° The electrical
Given that L3Ca;MnO; (and related compoungs conductivity of Lg;A;sMnO; (A=Ca,Sr,Ba compounds
could be used as a magnetoresistive material, a careful awdas found to be unusuél: It behaves semiconductorlike
complete study of its magnetic, transport, and structurahboveT. and metalliclike belowr ..
properties is warranted. We need to take into account the The renewed interest in LaCa;;sMnO; and related com-
behavior under magnetic field and pressure to build a cohepounds arose after the discovery of giant magnetoresistance
ent picture of this system. Consequently, we have carried ollGMR) at and around’, .>~° Recently, colossal magnetore-
measurements of resistivity and volume thermal expansiorsistance ratios have been observed in related compounds at
both under magnetic field and pressure, ac susceptibility urew temperatured®!* The challenge is to achieve such co-
der pressure, magnetoresistance, magnetostriction, and ndassal magnetoresistance ratios at room temperature. Mean-
tron diffraction measurements. In Sec. Il we describe thevhile, interest in Lg{Ca,;MnO; continues as it shows
experimental techniques we have used, and in Sec. lll W&MR ratios near room temperature.
report the obtained results along with the theory which sup- It is widely accepted that the ferromagnetic transition in
ports them. LaysCa,sMnO; (and related compounglds simultaneous
The series La_,CaMnO; was first studied by Jonker and with an insulator-metal transitiolf:** The mechanism which
Van Santen in the 1950sFor x=0.15 the compounds show drives the transition is still uncertain. The DE interaction
a pseudocubic perovskitelike structure. In this structure, ifalone cannot account for the resistance cu¢&ome theo-
we take the LECa) ions at the origin of the unit cell, the Mn retical work$® *®have tried to explain the GMR ratios using
ions occupy the corners of the cube and surrounding eadtiifferent approaches. Experimentally, Hwaegall? have
Mn ion there are six O? ions forming an octahedron. At and shown important lattice effects in doped LaMnénd Ibarra
around x=1/3, the compounds order ferromagnetically.et al!® have found strong lattice distortions and magneto-
Zenef proposed the double-exchan@®E) interaction as the elastic coupling in Y-doped LaCa, sMnO5, which was sub-
mechanism responsible for the alignment of the Mn magsequently confirmed by spectroscopy experiméhts.
netic moments. Substitution of a trivalent igha®") by a It is important to notice that the GMR ratios and thg
divalent ion(C&") causes coexistence of Mhand Mrf*  values of Lg,{CasMnO; (and related compoungseported
ions in the appropriate ratio. The DE interaction consists oby different authors can differ remarkably depending on the
the transfer of the “extra” electron between neighboring Mn author. Thin films and polycrystals usually have differ&pt
ions through the & ions, which results in an effective fer- values and consequently different magnetoresistance
romagnetic interaction due to the strong on-site Hund’s couvalues. T, varies with oxygen contefit and C&"
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concentratiort, and the resistance depends on the grain 400
size?? Diffusion is also an important factor which depends P T T T 5
on the heat treatmeft.Nevertheless, the overall behavior is 350 -} /\ >
identical for all samples. 300 | I . 71 2
L =
220 L 2.
Il. EXPERIMENTS S 200 L s 8
Two different polycrystalline samples were used for the % 150 | ﬁ
experiments. One of the sampl@slled sample 1 hereafjer 100 L —
was used for all the experiments except for the neutron dif- U
fraction measurements. Sample 1 was produced at the Si- 50 + i
emens Laboratory. It was prepared by repeated grinding and 0 i N N T <
annealing from the metal carbonates and oxides. Then it was 0 50 100 150 200 250 300 N
cold pressed and annealed in air at 1450 °C for 38low
heating and cooling The second sample was prepared at the T(K)

University of Zaragozdcalled sample 2 hereafjeand was

used for the neutron diffraction measurements. This sample FIG. 1. Spontaneous resistivity) and volume thermal expan-
was tested to have similar bulk thermal, electrical, and magsion (AV/V) as a function of temperature. The inset shows the ac
netic properties as sample 1. Sample 2 was prepared usingsasceptibility(x,0 vs T.

gel precursor in order to obtain well-mixed reagents. Sto-

chiometric amounts of L®;, CaCQ, and MnCQ with  produced by a CuBe cell which attains hydrostatic pressures
nominal purities higher than 99.9% were dissolved in CONp to 9 kbar. Pressure and temperature were measusit
centrated nitric acid, resulting in a light solution. Afterwards, using a manganin pressure sensor and a Thermocoax thermo-
citric acid and ethylene glycol were added in a ratio of 4 geouple, respectively. The same cell was used for the ac sus-
citric acid to 1 ml ethylene glycol ahl g metal nitrates. The ceptibility under pressure measurements. In our setup the
solution was heated and the excess nitric acid and water Wemple formed the core of a microtransformer with four
boiled off, giving a yellow-brown gel. The gel was heated tons in both primary and secondary coils. Magnetostriction
give a brown powder. This precursor was calcined at 1173 Ky tg 14.2 T was measured in a pulsed-field device using the
overnight. Th'e remaining black powder Was'col'd presse'd tQtrain-gauge technique. The strain parafke) and perpen-

4 kbar and sintered at 1273 K for 3 days with intermediategicylar () to the applied field was measured. Volume mag-
grindings. Finally, the pellet was sintered at 1573 K for 8 h,netostriction (w) and anisotropic magnetostrictiai,) are
resulting in a hard bl_ack ceramic material. Energy d'SPGVS'V%traightforwardly calculated a®=\,+2\, and\=\,—\, ,
x-ray (EDAX) analysis was performed over the two samplesespectively. The neutron diffraction experiments were per-
by'usmg scanning electron microscopy. The obtained atomigymeq using the D1B high-intensity powder diffractometer
ratio was La:Ca:Mr=0.72:0.28:1(*0.01) for sample 1 and 4t the Institut Laue-LangevifiLL ), Grenoble, using a wave-
La:Ca:Mr=0.68:0.32:1(+0.01) for sample 2. These results |ength of 2.52 A. D1B has a 400-element linear multidetec-
show a slight deviation from .nom|r_1al composition for ¢ covering an angular range of 80°. The powdered sample
sample 1. Step-scanned x-ray diffraction patterns were cafyas placed in a standard ILL cryofurnace. Diffraction pat-

ried out from 18° to 140° in @ with a step of 0.02°. Full  tems were collected betwee®22.5° and 82.5° at tempera-
profile analysis was performed by using the Fullprof pro-yres ranging from 1.5 to 540 K.

gram. The La/Ca ratio was refined resulting the values
La:Ca:Mn=0.74:0.26:1 (+0.02 for sample 1 and
La:Ca:Mn=0.66:0.34:1(*+0.02 for sample 2, in good agree- [ll. RESULTS AND DISCUSSION
ment with EDAX analysis. The room-temperature lattice pa-
rameters were found to be=5.48314), b=5.47064), and
c=7.72836) for sample 1 anda=5.47172), b=5.45692), In Fig. 1 the spontaneous behavior of resistivity, thermal
andc=7.71123) for sample 2. Sample 1 shows a higher unitexpansion, and ac susceptibility of the sample below room
cell volume due to the higher La/Ca ratio. The oxygen contemperature is shown. Af~215 K a ferromagnetic transi-
tent was analyzed by redox titration. The resulting chemication takes place and the ac susceptibi(gge inset of Fig. )1
formulas were Lg;Ca ,dVINO, 95002 fOr sample 1 and displays a sharp increase.T ~215 K for sample 1 is lower
Lag gdCa 3MNO, gg. ¢ 0o fOr sample 2. than other values found in polycrystals of similar composi-
Above room temperature the volume thermal expansioriion (our sample 2 or those mentioned in Ref).2fthe dif-
was measured with a “push rod” and differential- ferent methods of preparation gave different Ceoncentra-
transformer method. Below room temperature resistancéions (as explained in the previous sectipwhich is at the
(magnetoresistangeand volume thermal expansion under origin of this discrepancy. The existence of long-range fer-
magnetic field were measured in a superconducting coitomagnetic order in this kind of compound was explained
which produces steady magnetic fields up to 12 T. The rewith the DE interactiori. In Lay;Ca,gMnO, the Mrf™* ions
sistance was measured with the four-point technique and thieave threed electrons, witht,; symmetry, which are local-
volume thermal expansion with the strain-gauge techniquezed at the Mn sites. Along with thesig, electrons, the
Resistance and volume thermal expansion under pressubén®' ions have a fourth electron, a) electron, which is
were measured with the same techniques, the pressure beingt localized and can be transferred between adjacent Mn

A. Spontaneous behavior
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FIG. 2. High-temperature volume thermal expansid/(V) (b) "
and simulated phonon contributiodY/V),. The inset shows in 1600 .
detail the anomalous contribution over the phonon contribution.

ions through the path Mn-O-Mn. Because of the strong on- 12007 .

site Hund’s coupling, at a Mn site thg, and e, electrons
have parallel spins. When theg electron moves from one
Mn site to another Mn site, it keeps its spin direction and
couples with the correspondirg, electrons. Then an effec-
tive ferromagnetic interaction between neighboring Mn spins 4001
arises. The DE interaction has to compete with the antiferro- mm—
magnetic superexchangAS) interaction, and consequently 0 . . . . .
different magnetic structures or even the absence of long- 06 0-8 10 12 14 1 e
range order can take pladé*?*In LayCa,MnO; the DE Reduced Temperature
interaction overcomes the AS interaction and long-range fer-
romagnetic order occurs. FIG. 3. (a) Neutron diffraction pattern at temperatures ranging
Cooling down from room temperature, the resistivity in- from 185 to 461 K and at angles between22.5 and 60°(b) The
creases tremendously down TQ (see Fig. 1L The mecha- SANS intensity in arbitrary units at€=2.5° as a function of the
nism which produces such unusual increase is of great intefeduced temperature/T, .
est. Kusters et al® proposed conduction by magnetic
polarons abovéd, as in magnetic semiconductors. This as-“critical scattering.”?® The critical scattering ofr-Fe is an
sumption was supported by fits of resistivity curves abbye archetypal example of this effettin Figs. 3a) and 3b) we
with exponential laws, which can be a signal of conductioncan observe the SAN&.5°) of La,sCa;sMn0O; in a wide
by thermal hopping® This idea was widely accepted, but no range of temperatures. The result is intriguing. Unlike the
clear evidence of the existence of magnetic polarons was-Fe SANS pattern, the LaCa;sMnO; SANS scattering is
given?’ A magnetic polaron consists of an electr@r a  not roughly symmetric around, and it exists far abové, .
wave packet of electrohd which becomes localized, polar- This result seems to indicate that magnetic clusterert-
izing the spins around it. Then a magnetic cluster formsrange magnetic ordgexist far abovel in the paramagnetic
According to Coeyet al!® it is unlikely that these polarons region. Therefore the volume thermal expansion and the
can diffuse as a whole. Instead, individual electrons will hopSANS results support the formation of magnetic polarons
between neighboring clusters. Ibagal}® have given evi- aboveT.. A more detailed analysis of the SANS results in
dence for charge localization accompanied by lattice distorerder to get information about the magnetic correlation
tion aboveT, in Y-doped Lg,;sCa,sMn0O;. In Fig. 2 we can length and, consequently, the cluster size was not successful
see that the same effect takes place in purg;Ca, sMnO;.  because of the experimental limitation of the D1B instru-
Cooling down from high temperature, an extra contributionment. A more in-depth study of this magnitude would re-
appears below , over the anharmonic phonon contribution quire an instrument more appropriate for SANS measure-
in the volume thermal expansion. This extra contributionments.
rapidly vanishes at.. This anomalous effect is thought to At T., when the long-range magnetic order sets in, a
be caused by the gradual char@ee e, electrons localiza-  magnetic contribution appears on the nuclear peaks b&low
tion belowT,, which causes lattice distortions. These seenisee Fig. 8)] and simultaneously a sharp lattice contraction
to be dynamic Jahn-Teller-like distortiofIf an electron takes placd~0.1% (see Figs. 1 and)2lbarraet all® have
which becomes localized polarizes the spin of the neighbointerpreted this result as the delocalization of ¢gelectrons
ions, then a magnetic polaron would form. These magnetigvhich had become localized in the paramagnetic regime.
clusters would give an extra contribution to the small-angleThen the extra contribution over the phonon one to the vol-
neutron scatteringSANS). For instance, magnetic clusters ume thermal expansion disappeésse Fig. 2 Below T, the
aroundT. enhance the SANS, which is commonly known asresistivity curve shows metallic behavior. It can be explained

800 *

Intensity (arb.units)
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FIG. 4. Resistivity(p) as a function of temperature at magnetic
field values of 0, 1, and 12 T. The inset showp s T~ at
temperatures abovE, .

FIG. 5. Fits of the low-temperature resistivity to the expression
p(T)=po+p,T?S The inset shows the contributiopg and p; T2
to the resistivity as a function of temperature.

as follows. The conduction takes place via teelectrons. ~ Which are expected to be significant in this systérve
According to de GennéSthe transfer of are electron be- have tried to fit our low-temperature results with different
tween two Mn ions is proportional to c@;;/2), where®;; ~ exponents for the term; T” and »~2.5 was also found to
is the angle between the two ionic spins. Ads lowered, give the best fit for all the magnetic fields. In Fig. 5 we show
©;; will decrease owing to the ferromagnetic alignment ofthe fits to our experimental data, and in the inset of Fig. 5 we
the Mn spins and consequengywill decrease too. have plotted the contribution of the two termgand p; T>°

as a function of temperature. From there we can extract in-
formation of how the magnetic field affects the mechanism
of conduction. A field & 1 T strongly affects the

The effect which triggered the interest of the scientifictemperature-independent teisy, whereas it has less influ-
community in this kind of compound was the exihibition of ence on the temperature-dependent tgi?>. It is likely
GMR. We can observe in Fig. 4 the curvesp¥s T under  that the main mechanism responsible for the magnetoresis-
magnetic fields of 0, 1, and 12 T. The magnetic field reducesance at low temperatures and low fields is the influence of
the localization process remarkably, and the insulator-metahe magnetic field on the magnetic domains. As low mag-
transition becomes smoother, almost missing. In order tmetic fields increase the size of the magnetic domains, the
check if aboverl . the resistivity can be fit to the Mott's law scattering of the electrons due to domain boundaries de-
p=exp(To/T*¥, which corresponds to a model of variable- creases and the magnetization becomes I&fférFields
range hopping of electrons in a band of localized states in thgreater tha 1 T seem to affect both mechanisnihe
absence of electron-electron interactions, we have plotjed Intemperature-dependent and the temperature-independent
vs T"Yin the inset of Fig. 4. Under O @nl T the curves scattering to a similar degree.
display a linear form, which is in agreement with conduction The anomalous spontaneous volume thermal expansion
by polarons'® The way the magnetic field affects the transferwas linked to the local distortion caused by the localization
of electrons between neighboring Mn sites, equivalently,  of the e, electrons. If this localization process is suppressed
the delocalization of the, electrong is easily understood if by applying a magnetic field, the anomalous volume thermal
we take into account that such transfer can be expressed agpansion should disappear. We can see this effect in Fig. 6.
tei=t,c090/2), wheret, depends on geometric structural The curves of volume thermal expansion at 0, 1,5, and 12 T
parametergessentially the angle and length of the Mn-O are plotted v&I'. The anomalous effect is reduced as the field
bond and® is the angle between neighboring Mn spins. Theis greater, and at 12 T the volume thermal expansion curve is
magnetic field will align the spins an@ will decreaset,s  the anharmonic phonon contribution. The inset of Fig. 6
being enhanced. As the electron is delocalized now, the passhows the extra contribution over the phonon contribution
laron will not form. [AVIV(H)—AV/V(12T)] atH=0, 1, and 5 T.

The mechanism of conduction beloW, is a subject of In Fig. 7 thep vs H isotherms belowl , are shown. The
interest as well. Schifferet al®* analyzed the low- inset shows the isotherms aboUg. The shape of the curves
temperature resistivity curves of § #Ca ,sMnO; and found  below and abovd is completely different. This reflects the
for T<0.5T, the empirical expressiom(T)=py+p,T>>. fact that two different mechanisms are responsible for the
The termp is the resistivity due to domain and grain bound- magnetoresistance above and bel®w Above T, the high
aries and other temperature-independent scattering mecheesistivity comes from the electronic localization. A>T,
nisms[presumably defecténainly chemical, nonstoichiom- the effect of the magnetic field is to release the electrons
etry, etc)], and thep, T>° term is an empirical fit to the data which had become localized. Thevs T curves have a cur-
which represents a combination of electron-electronyature which changes from negative to positive at a field
electron-phonon, and electron-magnon scattering, all ofH.), which moves upwards with increasing temperatures.

B. Effect of magnetic field
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FIG. 6. Volume thermal expansioi/V(H)] under magnetic
field values of 0, 1, 5, and 12 T. The inset shows the differences 01
between the 0, 1, a5 T curves and the 12 T curve. 2200
Below H,, the resistivity is rather flat, evolving rapidly above \08 -400
H. toward a tendency to saturation. As localization and S 600
strain are correlated in this compound, magnetostriction ef- -
fects are expected aboie. In Fig. 8a) the volume magne- -800
tostriction isotherms are shown. They are extremely similar -1000
to the magnetoresistance isotherms. It seems clear that above
T. the charge localization and the local distortion which take -1200 : : : -20
place at zero field are released by applying a magnetic field, 10 150 200 250 300
causing large magnetoresistance and volume magnetostric- T(K)

tion effects. BelowT, the magnetoresistance comes mainly

(as we have showrfrom the spin alignment of the Mn spins FIG. 8. (8 Volume magnetostrictioriw) vs magnetic field at
by applying a magnetic field. Thg vs H curves have a temperatures abovE;. (b) Volume magnetostrictiofw) and an-
positive curvature and a rapid change of resistance takesotropic magnetostrictior(\;) as a function of temperature at
place at low fields. Consequently, GMR is more useful beH=14.2 T.

low T. because it takes place at low fields. Beldw the

volume magnetostriction is expected to be negligible. In Fig.-The anisotropic magnetostriction is that typical of a ferro-
8(b) we can see the temperature dependence of the volum®agnetic compound: zero aboV¥g and small belowr ..
magnetostriction and the anisotropic magnetostriction at the

maximum field, 14.2 T. The volume magnetostriction is C. Effect of pressure

large aboveT. due to the correlation between localization i )
and striction. AtT., when the localization process is . The effect of pressure on the properties of this compound

quenched, the volume magnetostriction rapidly vanishedS NOt obvious to predict. In Ref. 9 the authors suggest that
the volume of the unit cell could be the important parameter

to increase the resistivity. Hwarej al? proposed a univer-

350 sal phase diagram, whefi is diminished and the magne-
toresistance is increased with increasing chemical pressure.
300 From this phase diagram one could conclude that external
250 pressure also should shift the insulator-metal transition
— toward lower T, values and higher resistances. Measure-
g 200 ments under pressure on  Jgf o oCa sMNn0s, >t
a 150 La,_,CaMn0;,* and La_,Sr,MnO; (Ref. 33 have
A shown that external pressure shifts the transition toward
< 100 higher temperatures and decreases the resistivity at all tem-

peratures.

In Fig. 9 we can see the resistivity results under pressures
of 0, 5, and 7 kbar. From the maxima of the curves
dT,/dP=2.2 K/kbar. The resistivity decreases with pres-
sure across the whole range of temperatures. In the inset of
Fig. 9 we have plotted Ip vs T~* to check if conduction
by magnetic polarons takes place under such pressures. The

FIG. 7. Resistivity(p) vs magnetic field at temperatures below curves are linear, which suggests that up to 7.7 kbar the
T.. The inset shows the same curves abdye conduction is via magnetic polarons aboie How can one
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FIG. 10. Values ofpy and p; obtained from the fits of the low-
temperature resistivity to the expressipfiT)=p,+p,T?® as a
function of pressure. The inset shows the fits of the low-temperature
resistivity at 0, 5, and 7.7 kbar to the expressigi) = po+ p, T2>.

FIG. 9. Resistivity(p) as a function of temperature under pres-
sure values of 0, 5, and 7.7 kbar. The inset shoysvinT Y4 at
temperatures abovE, .

explain this pressure dependencélg? If T, is increased by
applying pressure, it is because the DE interaction, resporineéasurements for all the pressures coincide with the maxima
sible for the ferromagnetism in this compound, is enhanceddf the resistivity curves. The volume anomaly bound to the
The strength of the DE interaction is measured through thésulator-metal transition is shifted by pressure in the same
transfer integral between neighboring Mn sites,way as the electrical and the magnetic anomaly. Moreover,
t.r=t,c040/2). Ast, depends on the length and angle of thethe volume change &t is reduced with increasing pressure.
Mn-O bond, it is expected to be strongly pressure dependent.his is a consequence of the incomplete charge localization
It has recently been demonstrated by neutron crystallograph©oveT. when pressure is applied. Then there is less charge
under pressufé® that in the perovskite PrNiQthe main  to be delocalized &af . and the drop diminishes.

effect of external hydrostatic pressure is to reduce the cell
volume, increasing the dense packing of the oxygen ions
around the La/Ca ions. Consequently, the Ni©tahedra are

less tilted because there is less empty space around the La/Camicroscopic and macroscopic techniques have been used
ions to fill. The same effect is expected to take place ino probe the anomalous spontaneous behavior of
Lay3CasMnO;. By applying external pressure the Mn- [ g, .Ca ,MnO;,. The experiments have shown that bel®
O-Mn angle should increase toward 180° and the Mn-O bonénd aboveT, there is a gradual charge localization which
length should decreas&All this should increasé; and con-  prings about local volume distortions and ferromagnetic
sequentlyter. The more effective transfer of theg electrons  clusters (short-range magnetic orderThis supports the
with pressure causes the resistivity to drop ddncrease.  theory of conduction by magnetic polarons abdye At T,

The low-temperature resistivity under pressure has als@n insulator-metal-like transition takes place and a volume
been fitted to the expressi@fT) = po+ p; T>°. We show the  anomaly(~0.1% appears. Abovd, the effect of the mag-

fits in the inset of Fig. 10. In Fig. 10 we have plottagland  netic field and pressure is to increase the transfer integral of
p1 Vs P obtained from such fits. A linear relationship seems

to exist up to 7.7 kbar. We can observe that the effect of the
pressure differs from the effect of the field even though both
of them diminish the resistivity. The pressure affggtsnore
than py, whereas we have previously seen that the field af-
fects p, mainly. From the dependence ¢f and p; with
pressure, we can deduce that the pressure mainly decreases
the temperature-dependent mechanisms of scattering:
electron-electron, electron-magnon, and electron-phonon
scattering. The temperature-independent mechanisms of
scattering are also affected. Two factors are expected to be
important. As we are measuring a polycrystalline sample,
with nonzero porosity, the pressure should affect the connec-
tions between the grains just mechanically. The size of the
magnetic domains can also be increased with pressure. 100 150 200 250 300

In Fig. 11 we can see the ac susceptibility and the volume T(K)
thermal expansion under pressure. From the ac susceptibility
we obtain the slope of the dependence of the temperature of FIG. 11. ac susceptibilityy,) and volume thermal expansion
the insulator-metal transition with pressuredT,/dP=2.2  (AV/V) as a function of temperature at pressure values of 0, 5, and
K/kbar. The values off; obtained in the ac susceptibility 7.7 kbar.

IV. CONCLUSIONS

AV/V (unit scale = 6 x 10%)
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the e, electrons between adjacent Mn ions, reducing thedomain boundaries giving rise to GMR at low fields. The
charge localization and favoring the metallic state. Consepressure reduces more the temperature-dependent mecha-
quently, the electrical and volume anomalies Tat are  nisms.
strongly reduced. Below . two mechanisms are responsible

for the resistivity: a temperature-independent scattering of

the electrongdue to domain and grain boundaries, defects,

etc) and other temperature-dependent mechanistestron- We acknowledge the financial support of the Spanish
electron, electron-phonon, and electron-magnon scatderingCICYT under Grants No. MAT-96-0826, No. MAT-96-
Low magnetic fields strongly reduce the scattering due t®491, and No. APC-95-0123.
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