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Magnetotransport in the heavy-fermion system YbN;B,C
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We have measured the high field transverse magnetoresistance and magnetization on single crystalline
samples of YbNiB,C with the applied magnetic field both parallel and perpendicular tocthgis of the
tetragonal crystal structure. At high temperatures, the magnetoresistance is negative with a magnitude that
increases as the temperature is lowered. A scaling analysis of the daia fofinds a characteristic energy
that is~20 K at low temperatures, which is a factor of 2 larger than the Kondo temperature determined from
thermodynamic measurements, and it increases linearly with the temperature. Even though the magnetoresis-
tance forHllc is also negative, the data do not scale. At low temperatures, the magnetoresistance is very
anisotropic. In the Fermi-liquid regime belowl.6 K, the resistivity has a temperature-independent contribu-
tion due to ligand and/or Kondo-hole disorder and a term from electron-electron scattering that g@és like
ForH. c, the residual resistivity and the? coefficient are field dependent. Both the high- and low-temperature
data are compared to various theoretical calculatif®8163-182609)14631-9

[. INTRODUCTION monotonically decreases with decreasing temperature, and
below ~1.5 K a Fermi-liquid regime develops with an en-

The borocarbidesRNi,B,C (R=Dy-Lu,Y), are an inter- hancedT? temperature dependence.
esting series of compounds because of the interplay between The temperature dependencies of these properties are pro-
superconductivity and magnetism in these systems.totypical of a Yb-based heavy-fermion compound where the
YbNi,B,C is the anomalous member of the series in that nespin-fluctuation temperature is well separated from the other
ordered ground state is observed downt60 mK?2 and in  energy scales that characterize the crystal-electric fields
place of a broken symmetry there is a crossover to a heavWyCEF and the vibrational excitations. Only a few Yb heavy-
Fermi liquid at low temperaturesA peak is observed in the fermion compounds have been discovered, and unlike com-
magnetic contribution of the specific heat, and below thepounds such as YbBiPtthe largely separated energy scales
peak the temperature dependence is linear with a Sommef{Ty, Tc<Tx<<Txcep in YbNI,B,C make this an ideal sys-
feld coefficient of ~530 mJ/mol K. This feature is inter- tem for studying Kondo physics.
preted as a Kondo anomaly with an estimated Kondo tem- To investigate the magnetotransport of a heavy Fermi lig-
perature of~10 K. uid, which is anomalously large in many heavy-electron

Correlated-electron behavior is also observed in the magsompounds, we measured the transverse magnetoresistance
netic susceptibility and electrical resistivity. The magneticboth at high temperatures and in the low-temperature Fermi-
susceptibility is anisotropic and has a Curie-Weiss-like temiiquid regime on single-crystalline YbbB,C. In Sec. Il, the
perature dependence abowvel50 K. For the powder aver- experimental procedure and results will be described. In
age, the effective moment is4% larger than that calculated YbNi,B,C, a crossover from local moment behavior to an
from the Hund’s rule ground state for ¥b and the Weiss itinerant heavy Fermi liquid is observed. For instance, NMR
temperature i9,,~ —129.6 K, indicating antiferromagnetic experiments find that at temperatures above 50 K, both the
correlations are important at high temperatures. These corrénight shift and the nuclear-spin-lattice relaxation rate are
lations are responsible for the significant hybridization be-accounted for by the presence of localizéddoments at the
tween the Yb 4 levels and the conduction electrons at low Yb®* sites, while below 5 K the relaxation rate follows a
temperatures where the susceptibility deviates from th&orringa relation of a heavy Fermi liquRiOur measure-
Curie-Weiss behavior. Finally, the electrical resistivity ments span a large temperature range that covers both re-
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gimes, so different limits of the theory used to explain the ' l l l
magnetotransport in heavy-fermion compounds are required. 80}
An analysis of the data based on models suited to either the __ ot
high- or low-temperature regimes will be given in Sec. Il § \ YbNiB,C
and IV. Finally, the conclusions of our work are discussed in ¢ 60 HLl .
Sec. V. 3 ~——18T Hle
Z a0 T e
2 § 204 e
IIl. EXPERIMENTAL PROCEDURE AND RESULTS "g % /.'L——"’";;/

The samples measured in this study were grown using a & 20 al -
modification of the NjB flux growth techniqué:® The con- o s 10 35
stituent elements, with excess Yb to compensate for the loss (@ 7 (K)
due to the high vapor pressure of Yb at elevated tempera- 0 I 1 I I
tures, were arc-melted together to form polycrystalline 8oL
YbNi,B,C. These polycrystalline samples were then slowly — _ 0T
cooled with a N§B flux from 1500 to 1200 °C. After cooling E YbNi;B,C
to room temperature, single-crystalline plates as large as 7 60 HLil ]
X 7% 0.2 mn? were obtained with the axis perpendicular to = /_—18T Hile
the plate surface. Powdgiray-diffraction spectra taken on a 2 _ 30 ot |
ground single crystal found a tetragonal lattice structure with 2 40 § 20| AR
a=3.575A andc=10.606 A, consistent with the lattice pa- g g /“-”—""""T
rameters reported by Seigrist al.” & 2 o 1o 18 11

The magnetoresistance measurements were performed 0 | L
with an 18 T superconducting magnet using a standard four- (b) ° g  ®
probe ac technique. The electrical contacts were achieved 0 ! ! ! L
using 25.4um platinum wires, and the current was applied 0 20 40 60 80 100
along theab plane. Experiments above 1.5 K were per- Temperature (K)

formed with a variable temperature insert, while a dilution
refrigerator was used for measurements down to 50 mK in FIG. 1. The resistivity plotted as a function of temperature for
combination with the 18 T Superconducting magnet. YbNi,B,C in zero and 18 T. When the magnetic field was applied
Experiments in pulsed fields up to 50 T with a rise time ofperpendicular to the measuring current, it was oriented perpendicu-
6.5 ms were performed with phase-sensitive detection at a far to thec.ax.is of the te.tragonal crystal structure(@ and parallel
frequency of 500 kHz. At high fields, data were collectegto thec axis in(b). The |_nsets show the resistivity at low tempera-
from T=4 K down to a base temperature of approximatelytures plotted as a function af* for H=0 and 18 T,
500 mK with a®He evaporative cryostat. In the latter case
the single-crystalline samples, which were not the same athe c axis, the magnetoresistance is negative dowr 4oK.
the ones used for the continuous field measurements, weielow this temperature, the magnetoresistance is initially
held in place with epoxy to prevent them from moving dur- positive and then turns negative at higher fields, creating a
ing the 50 T pulse. All experiments were performed at themaximum. This maximum gradually moves to higher fields
National High Magnetic Field Laboratory in Los Alamos. as the temperature is decreasedlte1.6 K, where it is at
The transverse magnetoresistarfce., HL1) was mea- ~10 T. The data are qualitatively different when the mag-
sured with the applied field either perpendicular or parallel tonetic field is parallel to the axis. At all temperatures above
the ¢ axis of the tetragonal crystal structure. In Fig. 1, thel.7 K, the magnetoresistance is always negative, and as the
resistance is plotted as a function of temperature for applietemperature is lowered, a local minimum develops around 8
fields of zero and 18 T. Notice that the magnetoresistance i$. In Fig. 4, the very-low-temperature data taken with a di-
negative forT>3 K and has approximately the same magni-lution refrigerator in the 18 T magnet are presented-arc.
tude when the applied field is parallel and perpendicular to Higher field data forH L ¢, which were measured while
thec axis. These features are also apparent when the normahe field was increasing on the pulsed magnet, are shown in
ized magnetoresistancé&p(H)/p(0)=[p(H,T)—p(0,T)]/ Fig. 5. Notice that at the lowest temperature, the maximum
p(0,T), is plotted as a function of the applied field at differ- in the magnetoresistance is no longer moving to higher fields
ent temperatures in Fig. 2. As the temperature is lowereavith decreasing temperature, and in fact it is at a slightly
from 60 to 5 K, the magnitude of the magnetoresistance inlower field whenT =500 mK in comparison to the data taken
creases. at T=1.2K. For fields above 25 T, an inflection point is
Below ~1.6 K, the electrical resistivity has a Fermi-liquid found at all temperatures below 4 K. This tendency gets
temperature dependence when the applied field is zero. Theronger as the temperature is lowered, resulting in a peculiar
temperature range over which Fermi-liquid behavior is ob-crossing of the magnetoresistance curves for the lowest two
served increases with increasing fiéike the insets in Fig. measurement temperatures. The eventual development of a
1). The normalized transverse magnetoresistance at low tensimall positive magnetoresistive component at the highest
peratures is plotted as a function of the applied magnetidields for T=500 mK may be associated with cyclotron orbit
field in Fig. 3, and unlike the high-temperature data, it iseffects.
significantly anisotropic. When the field is perpendicular to It should be noted that the experiments with the variable-
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FIG. 2. The normalized transverse magnetoresistance, FIG. 3. The normalized transverse magnetoresistance,
Ap(H)/p(0)=[p(H,T)—p(0,T)]/p(0,T), vs the applied magnetic Ap(H)/p(0)=[p(H,T)—p(0,T)]/p(0,T), vs the applied magnetic
field at several different temperatures between 5 and 60 K fofield at low temperatures for YobB,C. The field direction is per-
YbNi,B,C. The field direction is perpendicular and parallel to¢he pendicular and parallel to theaxis in (a) and (b), respectively.
axis in(a) and(b), respectively.

—(9?], where (S is the normalized thermal-average spin

temperature insert in the 18 T magnet, the dilution refrigera- 8 S . . o
tor in the 18 T magnet, and the He-3 cryostat in the pulse oment: Since(S) is proportional to the magnetization, the
' . - Jow-field limit of the normalized magnetoresistance should
magnet were performed on three different samples. Whil - )
g W P ! samples ! be ~—H?2. This field dependence is not obsenjsge Eq.

the three different data sets are qualitatively alike in the tem )
perature and field ranges where they overlap, varying impu(_1) below], and attempts to scale the normalized magnetore-

rity contributions and slightly different field alignments may
account for the quantitative discrepancies. Since the high- ' '
and low-temperature analyses are independent of each other, 0.3 68 mK |
we do not believe these variations will effect our conclu- YbNi,B,C
sions. HLl
Finally, because the conduction-electron scattering de- 0.2 Hliec
pends on the degree of polarization for the localized mo-
ments, the magnetization was measured up to 18 T. These
measurements were performed with a vibrating-sample mag-
netometer in the 18 T superconducting magnet, and the data
at T=1.7K are displayed in Fig. 6 with the applied field 0.0
perpendicular and parallel to theaxis. The anisotropy in
M(T,H) shown here is consistent with the magnetic anisot- 4K
ropy seen at higher temperatures. -0.1

1K

0.1

Ap(H)/p(0)

] 1
. MAGNETOTRANSPORT AT HIGH TEMPERATURES 0 5 10 15 20
H (T)

The features observed in the high-temperature magnetore-
sistance of YbNIB,C are similar to other heavy-fermion  FiG. 4. The transverse magnetoresistanap(H)/p(0)
compounds and qualitatively consistent with a reduction of=[p(H,T)—p(0.T)1/p(0T), vs the applied magnetic field for
spin-disorder scattering as the moments are polarized. FObNi,B,C. A dilution refrigerator in the 18 T magnet was used to
spin-disorder scattering the magnetoresistapg¢el)~[1 collect these data with the field perpendicular to ¢hexis.
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FIG. 5. The transverse magnetoresistanakp(H)/p(0) %
=[p(H,T)—p(0,T)]/p(0,T), plotted up to 50 T for YbNB,C at %
=
T

several temperatures between 0.5 and 4 K. These data were mea-
sured using a pulsed magnet with the field direction perpendicular
to thec axis of the tetragonal crystal structure.

F YbNi,B,C

i HLI
2- Hlc

0.001 %

vl

sistance with the measured field-dependent magnetization
only qualitatively explain the data.

Even though the formal justification may be lacking,
single-impurity models are often used to analyze data for
heavy-fermion compounds at high temperatures where local-
ized electrons appear to respond independently of each other. FIG. 7. The normalized transverse magnetoresistance vs the ap-
The magnetoresistance for the single impurity can be calciplied magnetic field on a log-log plot for YbpB,C. The data were
lated from the scattering phase shifts of the conduction eleaneasured with the fiel@a) perpendicular andb) parallel to thec
trons using an expression derived from a sum rule. The phasis at several temperatures above 5 K. The digital noise, when
shift depends on the magnetization, and with the Cogblin—Ap(H)/p(0) is small at low fields, is an artifact of the instrument
Schrieffer model, the solution for the magnetoresistance is gsed to measure the resistance.
universal function ofH/Ty, whereTy is the Kondo tem-
perature. When the negative of the normalized magnetoresiie applied magnetic field in such a way that the high-
tance versus field foH_L c is displayed on a log-log plot in temperature data all follow a common function. The small
Fig. 7, a series of parallel lines are obtained for differentvalues of—Ap(H)/p(0) at low fields are discrete, and this
temperatures above 5 K, implying that it is possible to scaleligital noise is an artifact of the instrument used to measure
the resistance. Notice that the scaling starts to break down at
high fields for tle 5 K data. This represents a crossover to a

(b)

S
10
H (T)

1.0 . . - . .
' low-temperature regime, which will be discussed in the next
Hic section. One possibility is to scale the magnetoresistance to
0.8 YbNi:B.C _ the prediction of the spig-single-impurity Kondo model,
T=17K which is giver; bzzthe e_mpirical reIatiop(H)/p(O_):_[l _
+(ugH/kgTk)?] ~“ and is represented by the solid line in
o 06} - Fig. 8° Unfortunately our low-field data follow the expres-
= .
ta Hlc sion
=
= 04r ] —Ap(H)/p(0)=B(ngH/KegTH), 1)
wherea=2.8, 3=3.7, andT,, depends on the measurement
0.2 - temperaturésee beloy; while for the single-impurity model
Ap(H)/p(0)~—H?2. Unlike the heavy-fermion system
| | | UBe;5;, Wherea=1.6, thea for YbNI,B,C is greater than 2.
0'00 5 10 15 20 Following this procedure, a characteristic temperatlire

was determined for YbNB,C at each measurement tem-
perature by scaling the applied field so that the low-field data
overlap the single-impurity prediction, as indicated in Fig. 8.
From the inset in Fig. 8Ty=T+ Ty, whereT,~20K. Thus

the characteristic temperature for YBR},C depends linearly

H (T)

FIG. 6. The magnetizatioM as a function of the applied mag-
netic field H both parallel and perpendicular to theaxis for
YbNi,B,C. The sample temperature was 1.7 K.
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FIG. 8. The normalized transverse magnetoresistance plotted as F|G, 9. The normalized transverse magnetoresistance,
a function of the dimensionless parameteyH/kgTy,, where the A 5(18 T)/p(0)=[p(H=18 T,T)—p(0,T)]/p(0T), Vs temperature

characteristic temperaturg, is scaled so that the low-field data for YpNi,B,C. The field direction is perpendicular to theaxis.
coincide with the prediction of the spi%1-sing|e-impurity Kondo

model given by the empirical relation-1[ 1+ (ugH/kgTy)%]~ Y2 Ap(H TV o(0T)=f(H/o(0OT 2
(the solid ling. The inset shows howW,, varies with measurement p(HT)/p(0T)=1(H/p(0,T)). @
temperature, and the solid line T, =T+ 20 K. If the normalized magnetoresistance were plotted as a func-

tion of H/p(0,T) instead ofH/T in Fig. 8, the figure would

on the measurement temperature and extrapolates to a valtgpresent a Kohler plot of the data. However, for Y{BC
that is approximately a factor of 2 larger than the Kondothe data do not follow Kohler’s rule because the scaling is
temperature determined by low-temperature thermodynamiabtained withTy, which is not proportional t@(0,T). This
measurements. If the magnetoresistance data are scaledisonot unexpected for a system with a field-dependent scat-
some other universal functiofe.g., adjusting the high-field tering rate.
data to correspond with the theoretical prediction for the
single impurity mode) the slope between the characteristic  |v. MAGNETOTRANSPORT IN THE FERMI-LIQUID
and measurement temperatures is no longer 1, and there is a REGIME
small change in the intercefi;. Since a series of parallel ) ) )
lines are not obtained in Fig(), this type of scaling analy- The scaling behavior obgerved in Sec. lll, holds above a
sis is not possible with the data fétic. onv—te_mperature cutoff, which depends weakly on the ap-

Kawatami and Okiji used the single-site approximationPlied field[i.e., Tc(11T)~6 K and decreases t03.6 K for

for the Anderson lattice to calculatep(H)/p(0) as a func- H=18T].

tion of temperaturé® In this calculation, the phase shift at ~ Below the cutoff in the Fermi-liquid regime, the magne-
each site for the perfect lattice @=0 is equal to the uni- toresistance, which has a residual term due to disorder and a

tarity limit. Thermal fluctuations in the phase shift then caus¢€mperature-dependent term from electron-electron interac-
the scattering rate to increase, while the applied magnetiions, can be expressed as
field reduces the fluctuations by polarizing the moments. At _ 2
lower temperatures, the magnetoresistance can become posi- p(H)=po(H)+AH)TS, 3)
tive because of the gap structure in the Kondo resonance jugthere p, and A depend on the applied magnetic field. Sev-
above the Fermi level. In Fig. 9, the normalized magnetoreeral theoretical treatments of the magnetic-field dependence
sistance,Ap(18 T)/p(0)=[p(18 T,T)—p(0,T)1/p(0,T), at  of the residual resistivity have been reportéd-3Two types
H=18T is plotted as a function of temperature, and thes@f disorder exist in heavy-fermion compounds: Kondo-hole
data semiquantitatively agree with the calculation in Fig. 3 ofdisorder associated with substitutional impurities on the
Ref. 10. For a minimum iMAp(18 T)/p(0) of —0.2, T« f-electron sites and ligand disorder from impurities on the
~gugH/(kg0.6)~20K if g=1. Not only is this estimate of intermetallic ion sites. The antiferromagnetic exchange inter-
the Kondo temperature the same as the value found from thaction, which is responsible for the heavy Fermi liquid at low
scaling analysis above, but the minimum in the data occurs @aemperatures, depends on both the degree of hybridization
T~4 K, which is reasonably close /4 where the theory between the localized and conduction electrons and the po-
predicts. The effects of cyclotron orbits on the magnetoresissition of the f-electron energy level relative to the Fermi
tance were not corrected for in this analysis. These will tenadenergy. The type of disorder effects the exchange interaction
to increase the resistance and our estimate of the Kondo term different ways. For Kondo-hole disorder, the impurities
perature. modify the potential at the substitutédsites, while the im-
Finally, when the scattering mechanism for the differentpurities on the conduction-electron sites vary the hybridiza-
types of charge carriers is the same, the magnetoresistantien. In either case, the exchange interaction is changed, and
should obey Kohler's rul&, depending on the kind of disorder, the system will respond
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differently to an applied magnetic field. Using a slave-boson ' '
mean-field theory, which includes correlations between the 1.0¢
different f sites unlike Ref. 11, Cheet al. examined the

effects of disorder in the two-conduction-band Anderson lat- 0.9
tice Hamiltonian where the applied magnetic field was intro-
duced as a Zeeman term in the energies of the conduction
and f electrons:®® As the applied field is increased, the
residual resistivity due to ligand disorder initially increases YbNi,B,C
dramatically before going through a maximum and then de- 0.7 HLll
creasing to a value that is close to what it had at zero field. Hlc
For Kondo-hole disorder, the residual resistivity always de-
creases with increasing field. From a lafgesxpansion of
the Anderson lattice Hamiltonialt, one finds that the ¥ T T
guadratic-temperature dependence is a consequence of 1.3} (b) o
charge fluctuations. THE? coefficientA for the temperature- d
dependent contribution to the resistivity is proportional to the .

square of the density of quasiparticle states evaluated at the
Fermi energy, and this monotonically decreases with increas-
ing field.

In actual compounds, both types of impurities are present
and uncorrelated in the dilute limit. The two types of disor-
der in addition to the temperature-dependent term can pro-
duce a nonmonotonic field dependence for the magnetoresis- .
tance at very low temperatures with a maximum at a finite 1.0¢- -
field. Hence the local maximum is a consequence of the l ' '
competition between the impurity effects and charge fluctua- 0 5 10 15 20
tions. As the temperature is increased, the resistivity curves H (T
continuously evolve to a monotonically decreasing behavior
as the maximum at finite fields moves to lower and lower
fields (see Fig. 3 in Ref. 12 If the amount of Kondo-hole

disorder is significant, then the high-field resistivity can bephenomenological model described in the tek, The magnetic

Ioerr ﬂljﬁ_n thtehzelro ﬂtEId valutta. ¢ t . field dependence of the normalized residual resistivity determined
or ¢, the low-lemperaturé transverse magne oreS|s-y extrapolating the low-temperature data to zero. The field was

tance is qualitatively similaf to what the theory predicts, an pplied in a direction perpendicular to theaxis.
it is possible to extract the field dependencéa@indp, from
these data. Both of these coefficients normalized by theiépproximately half the value wheHlc, which is still not

zero-field values are plotted in Fig. 10. Notice that the quaxaiyrated. Hence at 18 T the magnetizationHarc must be
dratic temperature coefficient decreases with increasing fielqesg than half its saturation value. and the absence of a peak
consistent with the theoretical expectation. A phenomenoy, the field dependence gf, is reasonable.

logical model can be used to extract a characteristic energy presently, the theoretical treatment of magnetoresistance
scale from the field dependenceAfAssume the density of a5 not considered the consequences of anisotropy in a quan-
states is a Lorentzian centered on the Fermi energy with giative manner, and the theoretical predictions are qualita-
full width at half maximum equal to some characteristic €n-e|y different from the measured magnetoresistance when
ergy 2To, and the field dependence is included by & Zeemafy ¢ n fact, if a molecular field is present, the magne-
splitting of the Lorentzian by 2gH. The coefficientA is  siransport is a universal function of the magnetization, not
th_en proportional to the square of the density pf states. Using,o applied field. When dealing with systems that have a
this model, a reasonable fit to the measureds obtained  gjgnificant anisotropy energy, it is informative to compare
[the solid line in Fig. 10)] with To~12K. A slightly better e magnetoresistance for the different field directions at the
f!t was obtained with a similar energy scale when an ad,d"same value of magnetization. For YBRIC, the magnetiza-
tional parameter was introduced that allowed the Lorentziag;n at 18 T wherH.L ¢ is comparable to that at7 T when

to be shifted from the Fermi energy; however, the differencq_mc_ Above 1.7 K, the magnetoresistance Fifc monotoni-

was judged to be experimentally insignificant. Even thougha)y decreases with increasing field up to 7 T. It is possible
this unrefined mo,del neglects any f!eld 'dependence of théyat for this field direction, the crossover into a regime of
Kondo resonance’s spectral weigfiy, is fairly close to the  hojtive magnetoresistance lies below 1.7 K, and the local

thermodynamically determined Kondo temperature of 10 Ky ayimum at higher fields is unrelated to the Kondo interac-
Over the same field range, monotonically increases,

never reaching the maximum that is theoretically anticipated
when ligand disorder is presefgee Fig. 1(b)]. The maxi-
mum in pgy occurs where the applied field produces a mag-
netization in the sample that is half its saturation value. From In the rare-earth borocarbide series, YHBC is an in-
Fig. 6 the magnitude of the magnetization at 18 THarcis  teresting member because it is the only one that does not

0.8

A(H)/A(0)

Po(H)/po(0)

1.1+ . 4

FIG. 10. (a) The normalized coefficient of th&? term for the
resistivity in the low-temperature Fermi-liquid regime vs the ap-
plied magnetic field for YbNB,C. The solid line is a fit to a

V. CONCLUSION
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have a ground state with long-range order. Instead, a heawshould occur when ligand disorder dominates over Kondo-
Fermi liquid develops at low temperatures where the Konddole disorder.

temperature is well separated from other energy scales in the Qualitatively, our results are consistent with theoretical
system, making YbNB,C an ideal system to study how calculations based on the periodic Anderson model. When
large magnetic fields effect the Kondo-type interactions. ~compared to specific predictions from this model or a phe-

In this paper the transverse magnetoresistance was r8omenological counterpart, the characteristic energy ob-
ported over a wide temperature range. At high temperatured@ined from the fit is typically a factor of 2 larger than the
the magnetoresistance is negative, and its magnitude iftondo temperature determined from the Sommerfeld coeffi-
creases as the temperature is lowered. When the applied fieRent- Also a more precise calculauon. IS ”ee‘?'ed for the tran-
is perpendicular to the axis, Ap(H)/p(0) decreases more Sition from the high-temperature scaling regime to the low-
quickly than the quadratic dependence expected from thed€mperature Fermi-liquid regime, and no explanation exists
retical considerations; however, it is still possible to scalefor the greater than_ quadratic field dep_endence of the mag-
these data. From this analysis, a characteristic temperatuﬂ?tores'Stance at high temperatures. _F"?a”y: the magnetore-
Ty is found, which increases linearly with the measuremenp Stance fqr the f|e_ld p_arallel to theaxls IS dnffere_nt from
temperature and has a zero-temperature intercept26f K. th? qata W'.th th.e field in the perpendmulgr direction, and at
The magnetoresistance is anisotropic, and a scaling analyég's time thls anisotropy has not been seriously accounted for
was not possible for the data taken with the field parallel td" theoretical treatments.
the c axis.

This scaling also breaks down at low temperatures, and
the properties eventually evolve into those of a Fermi liquid. We wish to thank G. M. Schmiedeshoff for his assistance
In the Fermi-liquid regime, the resistivity has a residual termon some of the measurements. This work was supported by
due to impurities and a temperature-dependent term frorthe National Science Foundation under Grant No. DMR-
electron-electron scattering. Both the residual contributior624778 and the Director for Energy Research, Office of
and theT? coefficient depend on the applied field in a fash-Basic Energy Science at the U.S. Department of Energy. The
ion qualitatively consistent with theoretical expectations. Bywork at the NHMFL—Pulsed Field Facility was performed
simply modeling the Kondo resonance with a Lorentzian thatinder the auspices of the National Science Foundation, State
is split with a Zeeman energy from the applied field, a char-of Florida, and the U.S. Department of Energy. Ames Labo-
acteristic energy of~12 K was determined. The residual ratory is operated for the U.S. Department of Energy by lowa
resistivity was found to increase with field up to 18 T, which State University under Contract No. W-7405-ENG-82.
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