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We report measurements of the temperature-dependent anisotropic resistivity and in-plane magnetoresis-
tance on single crystals of the tetragonal heavy-fermion antiferromag@get3.8 K) CeRhlg. The measure-
ments are reported in the temperature range 1.4—-300 K and in magnetic fields to 18 T. The resistivity is
moderately anisotropic, with a room-temperatciaxis to in-plane resistivity ratip. /p,(300 K)=1.7. p(T)
measurements on the nonmagnetic analog LaRRhiticate that the anisotropy in the CeRhhesistivity stems
predominantly from anisotropy in Kondo-derived magnetic scattering. In the magnetically ordered regime, an
applied fieldH reducesTy, only slightly due to the small ordered moment (Qu3¥ and magnetic anisotropy.
The magnetoresistan¢MR) below Ty is positive and shows little sign of saturating in fields to 18 T. In the
paramagnetic state, a positive MR is present below 7.5 K, while a high-field negative contribution is evident at
higher temperatures. The positive contribution decreases in magnitude with increasing temperature. Above 40
K the positive contribution is no longer observable, and the MR is negative. Th& lpesitive MR results
from interactions with the Kondo-coherent state, while the Highegative MR stems from single-impurity
effects. In general, these results indicate that CeRbkhibits a modest degree of transport anisotropy not
atypical among heavy-fermion compounds.
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. INTRODUCTION lenges our understanding of correlated-electron phySits.
This family has a generalized chemical formula,
Transport measurements in large applied magnetic field€6,M N3y 2,, WhereM is Rh, Ir, or Co. All compounds
provide an exceptionally useful means of probing the elecinvestigated to datém=1,2 andn=1), except cubic Ceky
tronic and thermodynamic properties of heavy-fermion com<rystallize in a tetragonal structure(space group
pounds. This stems from the magnetic origin of the interacP4/mmm.*> The most notable properties in this series of
tions responsible for the mass-enhanced ground Stage. compounds include ambient-pressure magnetic ordgy (
such, the resistivity of a heavy-fermion system is altered by=3.8 K) and pressure-induced superconductivityf
an applied magnetic field in fundamentally different ways=2.1K at 16 kbar pressurein CeRhig,'***** and
when the compound is in a magnetically ordered, KondounconventionaP ambient-pressure superconductivity in both
coherent or single-impurity regime. Field-dependent meaCelrlng [T.=0.4 K (Ref. 18] and CeColg[T.=2.3 K (Ref.
surements can also provide information regarding the impord7)]; the transition temperature for CeCglis the highest
tance of magnetic fluctuations and the proximity to low-ambient-pressur@ . reported to date for a heavy-fermion
temperature magnetic instabilities in the coherent regimesuperconductor. This new family of compounds offers the
Although no complete microscopic theory is available toopportunity to explore the importance of tuned dimensional-
fully model the transport and thermodynamic properties of dty and/or anisotropy on magnetic, Kondo, and superconduct-
heavy-fermion system, a number of theoretical treatments ar@g groundstates.
available that qualitatively describe the key features of a sys- CeRhiIny has attracted considerable attention due to its
tem's field-dependent behavidf. From the experimental unusual pressure-temperature phase diagfa@®e heavy-
point of view, a wide range of phenomena can be observetermion systems that order antiferromagnetically typically
when applying a magnetic field at low temperathiemong  exhibit aP-T phase diagram wherein applied pressure acts to
archetype heavy-fermion compounds, YRind CeRuSi,  smoothly reduce the Ndtemperaturdy to zero at a critical
exhibit highly anisotropic magnetotransport behavior and repressureP.., with superconductivity occurring over a range
markable field-induced metamagnetic transitions at 20 Tof pressure centered &.. The P-T phase diagram of the
(Refs. 5 and pand 8 T(Ref. 7), respectively, while UBg  cubic member of the GV ,Ins. 2, family (Celn;) dis-
exhibits negative magnetoresistance above its supercondugtlays this behavior, with an ambient-pressure ordering tem-
ing transition temperatureUltimately, a heavy-fermion sys- peratureTy= 10K, a slightly enhanced Sommerfeld coeffi-
tem’s field-dependent properties are determined byient of 100 mJ/molK, and a critical pressureP,
Ruderman-Kittel-Kasuya-Yosida (RKKY) and Kondo =23 kbar®'9The CeRhlg P-T phase diagram is quite dif-
interactions) with the relative importance of these two inter- ferent. At ambient pressure, CeRblorders antiferromag-
actions influenced by magnetic and structural anisotropies. netically at 3.8 K. Applied hydrostatic pressure acts to very
A new family of Ce-based heavy fermions was recentlyslightly increaser until magnetic order becomes unobserv-
discovered that exhibits a complex phase diagram that chakble near 16 kbar, at which point superconductivity appears
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at 2.1 K10 Specific-heat measurements indicate an enhanced
Sommerfeld coefficient of roughly 420 mJ/mat Kelow 10
K:10 for a single-impurity systerf® this corresponds to a
Kondo temperature of roughly 10 K. CeRblhas a quasi-
two-dimensional structure that is composed of alternating
layers of the cubic heavy-fermion antiferromagnet Gelnd
a transition-metal layer composed of Rhls such, dimen-
sionality may play a role in the interactions that produce the
unusualP-T phase diagram exhibited by CeRhkInThis is
borne out by nuclear quadrupolar reson&h@nd neutron
scatting measuremeftshat indicate that the magnetic mo-
ments lie in the basal plane of the tetragonal structure with a
spiral along thec axis, with a reduced magnetic moment of
0.37 Bohr magnetonyg). However, recent inelastic neutron
scattering experiments indicate some degree of three-
dimensional behavior for CeRhrf> Clearly, further mea-
surements are needed to fully elucidate the influence of di-
mensionality on the physical properties of CeRhin

In order to enhance our understanding of the ground-state
properties of CeRhliy we have measured the anisotropic
resistivity of this compound as a function of magnetic field
and temperature. The resistivity is moderately anisotropic,
with a room-temperature-axis to in-plane resistivity ratio
pclpa Of 1.7. This ratio changes markedly with decreasing
temperature, and at 4 K the in-plane resistivity is larger than
the out-of-plane resistivity by 80%. The antiferromagnetic
transition at 3.8 K produces an inflection point pn With
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FIG. 1. (@ In-plane (solid lineg and c-axis (dashed lines

application of magnetic field, the transition moves to slightlytemperature-dependent resistivities of CeBhémd the nonmag-
lower temperatures, with a field dependence that dependitic analog LaRhin (b) The in-plane(solid ling) and c-axis
upon the direction of the applied field. The magnetoresis{dashed ling magnetic resistivity fmag=pce~pra) Of CeRhIn.

tance(MR) also depends upon the direction of the applie
field, and it appears to be only moderately influenced b
structural anisotropy. The MR is positive in the magnetically
ordered state and shows little sign of saturating, except pos-
sibly at the lowest temperature fétlic. At moderate tem-

dThe data neall are highlighted in the inset, with the arrow posi-
)}ioned atTy .

All resistivity measurements reported here were made

peratures, we observe a positive contribution to the MR thatwvith a conventional four-probe sample configuration in
is characteristic of a Kondo system in the coherent regimewhich silver conductive paint or epoxy was used to make
At higher temperature, this positive MR gives way to a negasample contacts. Sample resistances were measured with a
tive contribution characteristic of a single-impurity Kondo |ow-frequency ac bridge. The in-plane and out-of-plane re-

system.

sistivities were determined on oriented samples via the

Montgomery and anisotropic van der Pauw methSdBhe
transverse magnetoresistance was measured with current ap-

Il. EXPERIMENTAL DETAILS

Single crystals of CeRhinwere grown from an In flux
method* as described previously.The deleterious influence
of residual In flux on low¥ transport measuremenhe su-
perconducting transition for In occurs at 3.4 Kecessitates

careful sample surface polishing to remove any possible If"

contamination. The polished single-crystal samples were ori
ented using Laue x-ray diffraction to determine the crystal
lographic in-plane(a-axis) and out-of-plane(c-axis) direc-
tions. Finally, the resistance of each sample that was slated
for use in MR measurements was measured dawd K to
ensure that no extrinsic superconductivity contamination was

|.by controlling the

Ill. RESULTS

plied along ara axis, and the applied field oriented perpen-
dicular to the measurement currene., either in the othea
axis or along thec axis). The transport measurements were
carried out in a variable-flow cryostat capable of tempera-
tures from 1.4 to 325 K. To avoid magnetoresistance effects
the Cernox thermometer used to determine and control
sample temperature, temperatures be®K were stabilized
“He vapor pressure.

evident at 3.4 K due to surface In. The samples that passed The temperature-dependent resistivities of CeRfnd

this screening process had residual resistivity rafi@RR

LaRhIn in, and perpendicular to, the basal plane, are shown

=p(300 K)/p(2 K)~100] that were similar to those re- in Fig. 1(a). The data for CeRhlnindicate that this com-

ported previously?
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FIG. 2. Temperature-dependent magnetic resistivity anisotropy TX)

ratio (0329 pl?9 of CeRhin.

than p, at room temperature. Below 325 K the resistivity
falls with decreasing temperature in both directions, and both
pa andp. exhibit shoulderlike features between 50 and 100
K. Both resistivities fall off more rapidly at lower tempera-
tures.p, and p. cross at 30 K, and the-axis resistivity is
larger than thes-axis resistivity down to 1 K. In comparison,
the resistivity of LaRhlg (the nonmagnetic analog of
CeRhlny) varies linearly with temperature below 300 K, and
saturates to a value neand) cm below 20 K. The LaRhin
c-axis resistivity is greater than the in-plane resistivity at all
temperatures, and the anisotropy ratiQ/p, is nearly
T-independent. The 300-K anisotropy rafQ/p,=1.2 for 0 20 40 60 80 100
LaRhlIry suggests that the nonmagnetic electronic anisotropy T ()

inherent to theRMIng structure is relatively small.

The temperature-dependent magnetic scattering compo- FIG. 3. In-plane temperature-dependent resistivity in an applied
nent (Dmag:pCe_ pLa) of the CeRhlg in-plane andc-axis magnetic field. Ina) the magnetic field is applied in the basal plane
resistivities are presented in Fig(blL After removing the (perpendicular to the currénfrhe inset displays an expanded view
electron-phonon scattering contributiongg,, the magnetic ~near the AFM transitiorithe curves correspond jg,H =0, 10, and
resistivity in both crystallographic directions varies @& 18 T)- The arrows mark the inflection point in (located at 3.70,
—In(T) at high temperatures and drops sharply below 50 k3-45: @nd 3.35 K In (b) the field is applied along the axis. The
this T dependence is characteristic of Kondo latticeCuVes in the inset correspond joH=0, 5, 10, 15, and 18 T,
compoundg. The resistivity in the vicinity of the 3.8-K an- where the inflection points are located at 3.80, 3.70, 3.60, 3.30, and

: . e . : . 3.10 K, respectively. For both field directions a small amount of
tlferromagnetldAFM). transmon. IS Shown. In t.he Inset tq Fig. scatter in thep(T) data leads to an uncertainty in determinifygof
1(b). A clear change in magnetic scattering is evident in both+50 mK

pa andp. nearTy. The transport anisotropy ratjd,*Ypc®® '

is plotted as a function of temperature in Fig. 2. Near room,

temperature the magnetic resistivity is moderately anisoT The inset to Fi showso(T) in fields of 0. 10. and
tropic (p1?9p?9 at 300 K is 0.6, and the ratio exhibits a ) g- & p(T) o

dual ition f hidfi reqi h magy _mag 18 T in the vicinity of Ty; in this temperature regime the
gradual evolution from a hight- regime wherep; ™ p; applied fields appear to uniformly increase the resistivity be-

<1 to a lowT regime wherep7*Yp®®>1. The magnetic |ow 4 K. TheH-dependent AFM ordering temperature can be
resistivities cross at 30 Kog'“%is smaller tharp;“9down to  determined by finding the location of the inflection poinfin
the lowest measurement temperat(lret K), and there is no  that marksTy .2” The arrows in the inset denotg,(H). The
evidence for any change Y p"® at or belowT. transition moves downward monotonically with temperature;
We now turn to an examination of the influence of appliedin 18 T the inflection point occurs at 3.35 K, corresponding
magnetic fields on th&-dependent in-plane resistivity. The to the rated Ty /dH;= — 25 mK/T. Thea-axis resistivity for
resistivity as a function of temperature in a field of 18 T is a field applied parallel to the axis is shown in Fig. ®). In
displayed in Fig. 3, and compared to the zero-figlddata. this field orientation, the loviF magnetoresistance is also
In Fig. 3(a@) the magnetic field is applied parallel to the basalpositive, but the 18-T MR crosses zero at 16 K and becomes
plane and perpendicular to the current. A positive MR islarge and negative at higher temperatures. This negative MR
evident at low temperatures, with the magnitude of the effeceffect reaches a maximum value nearly 30 K. At higher tem-
diminishing with increasing temperature. Above roughly 50peratures the negative MR diminishes in magnitude, ap-

Pa (UQ2 cm)

no difference is discernable betwep(H=0) andp(18
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FIG. 4. In-plane field-induced change in resistivity=p(H) FIG. 5. In-plane field-induced change in resistiviy=p(H)

—p(0) (H||a). The low-T behavior is featured irfa). The inset —p(0) (H]c). The_low-T t_)ehg_':lwor IS fgatured Ma). The high-
shows the magnetoresistand@/p(0) at 18 T for T<30 K. The temperature behavior dfp is displayed in(b).

value for the 1.4-K magnetoresistance at 18Alp/p(0)=8.7] is

not displayed due to its large magnitude. The high-temperature be-

havior of Ap is displayed in(b). that occurs neatl ,,,=12 T. The rise in the MR at low fields

is suppressed as the temperature is increased, and the overall
magnitude of the magnetoresistance diminishes as well. The

proaching zero at 100 K. The inset to FighBdepictsp(T) relative magnetoresistance in 18 T, defined [ag(H)
in fields of 0, 5, 10, 15, and 18 T in the vicinity Gfy; as  —p,(H=0)]/p,(H=0), is plotted as a function of tempera-
with the in-plane field orientation, the applied field uniformly ture in the inset to Fig. @). The relative MR is nearly zero
increaseg, below 5 K. The field also decreases the AFM above 20 K and grows markedly below 10 K in large mea-
transition temperature, but at a faster rate than for fields orisure due to the sharp drop ji(T,H=0) that stems from
ented in the basal plane. In 18 T the applied field dibp$o  the onset of coherence. In contrast, the magnetoresistance of
3.0 K; this corresponds to a ratel/dH, = —-35mK/T, a the nonmagnetic analog LaRRldisplays a standard metal-

value that is in good agreement with previoGs(H,T) like positive MR that varies asl? and diminishes in magni-
measurement&:33 tude with increasing temperature.
The field-dependent in-plane magnetoresistafipg(H) The in-plane magnetoresistance of CeRhivith H ap-

=pa(H)—pa(H=0) at constant temperature is depicted inplied along thec axis is depicted in Fig. 5. Fofr<7.5K
Figs. 4 Hlla) and 5 Hllc) for CeRhl. With the field [Fig. 5@a)] the results are qualitatively similar to those for
applied in the basal plane the MR below 10[Rig. 4a] Hlla. Below Ty Ap,(H) is positive, with a small change in
exhibits two distinct regimes. At 1.4 K th&p,(H) varies  slope evident near 2.5 T. There is little sign of saturation,
linearly with H throughout the measured field rangkEl ( except possibly the appearance of a feature of unknown ori-
<18T), while forT>Ty the MR grows in magnitude and gin at~17 T and 1.4 K. Abovély the high-field MR grows
exhibits some curvature below 5 T. At 7.5 K the MR variesasH® with a<1. At 7.5 KA p,(H) varies adH*? throughout
asHY? above 1 T, and it saturates above 15 T. At still higherthe measured field range, and it is approaching saturation at
temperaturegFig. 4(b)] Ap,(H) displays a broad maximum 18 T. ForT=7.5 K[Fig. 5b)] the MR is quite different from

054410-4



MAGNETOTRANSPORT OF CeRhin PHYSICAL REVIEW B 66, 054410 (2002

the low-T behavior. TheH? behavior present at 7.5 K structure of CeRhlisis reflected in the compound’s complex
evolves into a peak ihp,(H) at 10 K that occurs between electronic structure.

5and 10 T, and the MR decreases markedly at still higher The magnetic structure of the antiferromagnetic ground
fields. Above 20 K, the lowH positive MR is no longer in  state also reflects CeRRls layered nature. The magnetic
evidence and the negative MR contribution predominateSy,oments that order aty=10 K in Celry are commensurate
The MR is negative above 30 K at all fields, and the overall i, the cupic latticé? In contrast, the magnetic moments in

magnitude of the negative MR decreases with mcreasm%eRhl% are found to lie completely within the basal plane,

temperature. ; ; 21,22

... and they form an incommensurate spiral alongadlaeis:
Taken as a whole, the temperature and magnetic-fielde, 4 o andent specific-hditand dHvA® measurements
dependenp, data presented in Figs. 3—5 suggest that there P P

are three field-dependent transport regimes in CeRhThe ![rr:dma:je that ftlelds orutanted {itlrc])ngtthletax!s grtzralc_juglly reduce
first, in the magnetically ordered state, exhibits a large posi- € ordering temperature without aftéring this incommensu-

tive MR that shows little sign of saturation at 18e note _rate structure. Fields gpplied within the bgsal plane strongly
that at least 40 T is required to field-polarize the AFM influence the mglggsrletlc structure, producing a comphex
state.?° The second regime resides in the paramagnetic staf'ase @agrar?ﬁ* ~"Below 3 K afield of 2 T transforms the
just aboveTy, . In this regime the MR is positive and exhibits magnetic structure to one that is commensurate with the lat-
a tendency to saturate near 20 T. The third regime occurs &€€, While a third state is also present near 3.5 K. The onset
temperatures above 10 K and at high fields where a negativerdering temperature is much less field-dependent than that
MR contribution comes into play that initially produces a for Hlic. In the paramagnetic regime the magnetic suscepti-
maximum inAp,(H). At still higher temperatures, the posi- bility x exhibits a factor-of-2 anisotropy betweey, and
tive MR disappears and the negative contribution dominateg. .'° This anisotropy stems from the splitting of the=3
the field-dependent transport. Magnetic anisotropy influencemanifold under the influence of tetragonal crystalline electric
the detailed nature of the field-dependent transport. The irfields. The crystal-field level scheme that descrig§T)
fluence of the highF negative MR contribution is largest and x.(T) in the paramagnetic stafeincludes al’; doublet
with the field applied perpendicular to the basal plane. Agyround state(composed predominantly of ther3) spin
such, the peak fielt ., is largest with the field applied in statg, a first-excitedl’; doublet(predominantly|=3)) at 6
the basal plane, and the MR is more negativeHtc. meV, and the last state, a spjri-g doublet, located 13 meV
above thel'; ground state. This level scheme is generally
consistent with recent inelastic neutron scattering resilts.
Armed with this information concerning CeRRla elec-
The anisotropy in the zero-field resistivity data and thetronic and magnetic structures, as well as the crystal-level
complexH field andT dependence of tha-axis magnetore- scheme, we can now examine the underlying mechanisms
sistance are the most prominent features of these CgRhltiesponsible for the magnetotransport features exhibited by
magnetotransport data. How do these features reflect the t€eRhin.
tragonal crystal structure, the Kondo and crystal-field inter- The modest transport anisotropy exhibited by LaRhin
actions, and the RKKY-mediated antiferromagnetic order?p./p,~1.2) indicates that the quasi-2D electronic structure
Before answering these questions, we first must examine th#oes not translate into transport anisotropy. Conventional
influence that lattice anisotropy has on the electronic anelectron-phonon scattering also appears to be weakly influ-
magnetic structure in the CeRRln enced by the planar 1:1:5 structure as well. The absence of
The CeRhlg unit cell is composed of cubic Cejmuild-  significant anisotropy in the resistivity of LaRRlidicates
ing blocks that are separated by Rhlayers. Full-potential that the anisotropy in the CeRRlmesistivity stems from
band-structure calculatioifs indicate that the electronic magnetic scattering. Both theeaxis andc-axis magnetic re-
structure of CeRhln and LaRhig reflects the quasi-two- sistivities of CeRhlg display temperature dependencies that
dimensional nature of the tetragonal unit cell. The bancdare characteristic of a Kondo-lattice compound. The complex
structure exhibits a number of bands that cross the Fermi-dependent anisotropy between teand c-axis magnetic
energyEr, producing three Fermi surfaces. Only the first, resistivities is reminiscent of that seen in many other heavy-
containing holelike orbits, is relatively isotropic. Reflecting electron systems. For example, #r@xis andc-axis resistiv-
CeRhin's planar structure, the second and third surfaces ar#ies in the tetragonal compounds CeRBiy and CeNjGe,
composed of corrugated cylindrical electronlike and holelikealso cross in a manner reminiscent of CeRhifi*® There
orbits that extend along the axis. de Haas—van Alphen are also a number of othéelectron compounds that exhibit
(dHVA) measurements detect extremal orbits that are consign anisotropig m,g but without any crossing of the, andp.
tent with the band-structure calculatiof’s® In addition, the  resistivities. Systems that fall into this second class include
Hall effect in both CeRhlnand LaRhig is anisotropic and the hexagonal compound URY orthorhombic CeCy*°
strongly temperature dependéhtproviding clear evidence and the tetragonal compounds C&,** CePdSi,,** and
for competing electron and hole carriers. The fact that theCeCySi,.** As with CeRhlig, p, and p. never differ by
Hall effect in CeRhlg and LaRhlg are quite similar indi- more than a factor of 2 in these systems. These resistivity
cates that they share the same anisotropic electronic struaenisotropies can be explained by considering the nature of
ture, and that the electrons in CeRhlnare localized® the scattering relaxation rates that are produced when
Hence, from both measurement and calculation, the layeretsonant Kondo scattering is influenced by anisotropic

IV. DISCUSSION
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crystal-field leveld**° This modeling describes successfully ' ' '

the anisotropy evidenced by a wide variety of Ce 0.00 TAT40K 4
compound$**~°As such, it seems reasonable to conclude ootl * 80K
that the magnetic resistivity anisotropy in CeRhis a re- = e A, H|c
flection of anisotropic carrier scattering due to the influence I 002k \RA h
of the crystal fields. T A\&

The influence of an applied magnetic field on the resistiv- =003l AL ]
ity near the antiferromagnetic transition is depicted in the < kk
insets to Figs. @ and 3b). The zero-field AFM order at 20.04L AN
Tn=3.8 K gives rise to an inflection point in the resistivity, . s .
indicating that magnetic order alters the transport in at most 0.0 o1~ 02 03
a modest way. The absence of any abrupt change in the ratio M (ny/Ce)

palpc at Ty indicates that the onset of magnetic order influ- _

ences spin-wave scattering isotropically; this is consistent ['G- 6. In-plane magnetoresistandg,/po at 40 and 80 K
with inelastic neutron scattering measurem@htbat indi-  Plotted as a function of the magnetization squaredis applied
cate that there is no three-dimensiof@D) to 2D crossover alongc, and theM* units are Bohr magnetons per Ce atom.

prior the onset of long-range order and that the magnetic

system is predominantly three-dimensional. Specificfieat that this effect must reflect the influence of an appkkfield
measurements show that a magnetic field applied in the basah the Kondo-coherent state. In the single-impurity regime
plane will split the antiferromagnetic transition into three our understanding of MR effects rests on firmer ground. In
separate  transitions.  Preliminary  neutron-diffractionthis regime an applied field reduces incoherent Kondo scat-
measurement$ indicate that these transitions are associatedering, producing a negative MR:>*In this situation the MR
with an evolution in the zero-field magnetic structure. NOjs known to scale with the induced magnetizatibh as
such splitting of the antiferromagnetic transition signature isAp/posc —M2.5 Hence, a plot ofA p/py(M) for all H and T
evident in the resistivity data shown in the FigaBinset.  should fall onto a single, universal curve. A careful analysis
This may be due to the relatively small change in carrielof the magnetoresistance data for all temperatures that ex-
scattering that will occur when the system is transformedhipit a hint of a negative MR is made problematic by the
from one magnetic structure to the next; as such, the resisnteraction between the low-positive effect and the hight
tivity inflection points pertaining to the reorientation transi- negative contribution. Nonetheless, this single-impurity
tions may be unobservable. However, the inflection pointynalysis is possible withilic for T=40 K, as the MR shows
[determined by finding the maximum afp(H,T)/dT], as  no positive contribution in this temperature range. These data
indicated by the arrows in the inset, decreases very graduallyre plotted as a function o2 in Fig. 6. The data scale as
(dTy/dH;=—25 mK/T) with magnetic field. Specific-heat expected, falling on a common line and varying <.
measurement$*with the magnetic field applied along the  Hence, the negative high-temperature MR contribution ap-
axis indicate that while the field does not alter the magneticpears to be a simple-impurity effect. At these temperatures
structure it does have a stronger influenceTag this is  the applied field reduces incoherent Kondo scattering, giving
consistent with the more rapid field-induced decrease in th@ise to a negative MR. The detailed nature of the MR and in
inflection-point temperatured(Ty/dH, =—35mK/T) evi-  particular the stronger negative contribution fétc are an
dent in the data displayed in the FigbBinset. We note that jndication that the magnetic anisotropy evidentpi,, also

the inflection point at zero applied field occurs at 3.7influences the detailed balance between coherent and inco-
+0.05K in one casgFig. 3a) insef and at 3.80.05K  herent MR effects in CeRhin As such, the temperature-
[Fig. 3(b) insed. This difference is merely an indication of gependent CeRhinmagnetotransport reflects the prevalent
the error in determining the maximum ip/dT. Despite  Kondo regime(coherent at lowT, single impurity at highT)

this moderate error, the trend @iy to lower temperature as well as the magnetic anisotropy stemming from the nature
with increasing applied field emerges and is in agreemengf the crystal-field levels.

with previous thermodynamic measuremefits
We now consider the magnetoresistance in the paramag-

netic state. The data exhibit two field-temperature regimes: at V. CONCLUSIONS
low H andT the MR is positive, while at higlid and T the '
MR exhibits a negative contribution. A similar loWw-posi- Structural anisotropy influences the physical properties of

tive MR has been reported in both CgARefs. 47 and 48  CeRhlr in a subtle but significant way. Tetragonal crystal-
and CeRuSi, (Ref. 49 at low temperatures and in UBe line electric fields split thd= 3 manifold into three doublets
under pressur® The similarity between CeRhjrand these whose anisotropy influences both the magnetic
other compounds suggests that a low-temperature positiveusceptibility® and the zero-field resistivity. The Rbin
MR appears to be a common feature of Kondo systems thatpacer layer alters theaxis magnetic exchange sufficiently
are in, or are approaching, a coherent Fermi-liquid state. to produce antiferromagnetism with an incommensurate spi-
Despite many attempfs>2no satisfactory detailed theoret- ral spin structuré>?? Dimensionality effects are also evident
ical explanation for the positive MR in the loWparamag- in the way an appliedH field alters this spin
netic state has been put forward. For now we can only sagrrangement>4 Both dHvA?>3Cand Hall-effect' measure-
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