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PHYSICAL REVIEW B VOLUME 53, NUMBER 9 1 MARCH 1996-I

Magnetism in CePtPb

R. Movshovich, J. M. Lawrence M. F. Hundley, J. Neumeier, and J. D. Thompson
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

A. Lacerda
National High Magnetic Field Laboratory, Los Alamos, New Mexico 87545

Z. Fisk
Florida State University, Tallahassee, Florida 32306

(Received 14 June 1995; revised manuscript received 18 Septembegr 1995

We report the behavior of the hexagonal compound CePtPb, which has an antiferromagnetic transition at
Tn=0.9 K. The magnetic susceptibility is highly anisotropic, with the ratig/ x.. extrapolating to the value
65 atTy . The low-temperature magnetization is also anisotropic Wtly saturating to 0.92z/Ce atom at
B=5 T, whereM_. is five times smaller. The anisotropy is due both to low-symmetry crystal fields and to
exchange anisotropy, which causes basal plane ferromagnetic fluctuations to develod sdl6wK. Three
facts suggest that the magnetic order might coexist with heavy-fermion behavior: heat-capacity data show a
linear-in-temperature contributiop~300 mJ/mol K in the antiferromagnetic state; the resistivity is quadratic
in temperature below, ; and the magnetic entropy is generated very slowly with temperature reaching a value
of only 0.7R In2 at T=2Ty. On the other hand, the long high-temperature tail of the heat-capacity data
correlates with the ferromagnetic fluctuations ab®ye and ac susceptibility measurements under hydrostatic
pressurdto 17 kbaj show thafT\, increases with pressure at an approximate rate 20 mK/kbar, which suggests
that CePtPb sits in the smalf limit of the Doniach phase diagram; hence heavy-fermion effects may be
negligible.

I. INTRODUCTION most of the excess Pb was removed in a centrifuge. The
crystals show a hexagonal habit, with the needle axis along
In this paper we report experimental measurements of théhe ¢ axis. X-ray diffraction on powdered crystals yielded a
susceptibility, magnetization, specific heat, and resistivity ohexagonal pattern with lattice constants,=7.74 A,
single crystals of a new compound, CePtPb. This compoung,=4.13 A for CePtPb, and,=7.77 A, c,=4.16 A for
is related to a set of Ce ternary compounds which grow in_aPtPb. The line intensities were in reasonable agreement
the hexagonal F£P structure, and which exhibit a spectrum with those expected for the ordered JPe structure
of magnetic behavidk,from antiferromagneti¢CePdIn to (P62m); but since the diffractometefa Rigaku Miniflex
nonmagnetic heavy fermio(CePtln to mixed valent(Ce-  was not optimal for structural determination there remains
Niln). In the F&P structure, the low site symmetry of the Ce yncertainty as to this assignment.
ion (mm) should lead to anisotropy due to strong crystal- To establish reproducibility, all the following measure-
field effects. Since most experiments in these compoundgents were performed on at least two different samples, typi-
have been done in polycrystals, where anisotropy cannot bgally from different batches of crystal growth. Susceptibility
observed directly, a major theme of this paper is to characmeasurements from 2 to 350 K were performed in a com-
terize the magnetic anisotropy in CePtPb. As we will showmercial SQUID magnetometer in fields of 0.1 T. Magnetiza-
the anisotropy arises both from crystal fields and from extion measurements were made with a vibrating sample mag-
change anisotropy. A second major theme is whether the ametometer in an 18 T superconducting magnet at the National
tiferromagnetic ordering which occurs in CePtPb atHigh Magnetic Field Laboratory, Pulsed Field Facility Los
Tn=0.9 K coexists with heavy-fermion behavior. Such co- Alamos (NHMFL). Heat-capacity data were obtained using
existence is expected whéln, is of the same order as the two experimental setups: relaxation calorimetry in a pumped
Kondo temperaturdly ; recent theory suggests that such helium station was used between 1.5 and 20 K, while a
coexistence has profound consequences for the lowsemiadiabatic heat-capacity cell in a dilution refrigerator was
temperature behavior. Recently Beyermairal® have ar-  used between 80 mK and 1.7 K. Electrical resistance was
gued that the compound Cef8in, manifests such behavior. measured on samples that were polished into rods with a
We discuss whether this occurs or whether more converrectangular cross section; this allowed easy determination of

tional magnetic order occurs in CePtPb. the geometrical factor for conversion of resistance into resis-
tivity. Furthermore, the surfaces of unpolished crystals were
Il EXPERIMENTAL DETAILS covered with a thin layer of lead, which caused the resistance

to vanish below the lead superconducting transition tempera-
Single crystals of CePtPb and LaPtPb of typical dimen-ture (T,=7.19 K); polishing removed the residual lead and
sions 2x2x10 mm® were precipitated from molten Pb; allowed for measurements below that temperature. The resis-
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FIG. 1. Susceptibility of single-crystal CePtPb for the tempera- FIG. 2. Susceptibility of CePtPb at low temperatu@. 1/x,p
ture range 2—350 K. Solid circleg,p; open circlesy.. The in-  vs temperature for 18T<20 K. The solid line represents
verse ofy is plotted in(a), while the “effective moment'Ty is Cap/(T—06) with C,,=0.51 emu K/mol an® =0.8 K. (b) Ty, vs
plotted in (b). T for 1.8<T<40 K. The solid line represents the form

[x0ct (Ce/T)+(Co/T) exp(—A/T)]/[1+exp(—A/T)] with xqc

tivity data between room temperature and 1.2 K were col=0.0035 emu/molC.=0.068 emu K/mol,C,=0.58 emu K/mol,
lected in a pumped He apparatus; data between 40 mK arghdA =100 K.
1.6 K were collected in the dilution refrigerator station.

ac magnetic susceptibility measurements at ambient anghows that this anisotropy increases as the temperature is
hydrostatic pressure to 17 kbar took advantage of the fadpwered.
that the susceptibility in the basal plane is strongly enhanced The quantityT x. saturates to a value 0.068 emu K/mol at
below 10 K due to ferromagnetic fluctuatio(see below. A the lowest temperatures. A fit to the low-temperature behav-
single-crystal rod of CePbPt was broken alongdlaxis into  ior [Fig. 2(b)] shows that below 20 Ky, varies asyg
pieces of roughly similar sizes along all three dimensions;+(C./T) with yo. = 0.0035 emu/mol andC.=0.068
and the pieces were stacked together and glued with silveamu K/mol. Above 20 KT y. increases more rapidly, due to
epoxy in such a way that they formed a rod with the axisthe contribution of a higher-lying crystal-field state; the fit in
now lying in thea-b plane of “easy” magnetization. The Fig. 2(b) assumes a second doublet an energy 100 K above
secondary coil was wound directly on the sample; the prithe ground state. The quantifyy,, has a minimum at 13 K
mary coil was wound on a brass former that slipped arounénd then increases dramatically at lower temperafBig.
the self-clamping Be-Cu pressure ¢kl superconducting 1(b)]. The least-squares fits below 10 K show tlgay varies
lead manometer was used to measure hydrostatic pressuredaC,,/(T—0) whereC,,=0.51 emu K/mol and® =0.8 K
the cell. [Fig. 2(a)]. Extrapolating the fits foj,, and ., we predict
an anisotropy ratiova,/ x.=65 atTy .

The behavior ofy,, suggests the approach to a ferromag-
netic transition below 2 K. However, ac susceptibility mea-

The inverse of the susceptibility for?T<350 K and for  surementdFig. 3a)] show that the actual ground state is
fields of 0.1 T both parallel and perpendicular thexis is  antiferromagnetic, with Na temperaturd~0.9 K. Hence,
shown in Fig. 1. FoiT>150 K the susceptibilitieg,p, (for  the large magnitude of,. represents ferromagnetic fluctua-
B1 c andy. (for B/lic) are equal to within a few percent; the tions with easy axis in the basal plane for-Ty. In Fig.
average value follows a Curie-Weiss lgw= C/(T+ O) with 3(b) we show further that the N temperature increases
C~0.85 emu/mol K(nearly equal thd=5/2 free-ion valug  slowly with pressure, at the approximate rate 0.02 K/kbar.
and ©~40 K. For temperatures below Q%K a strong an- In Fig. 4 we plot the magnetization in the range
isotropy develops, with the easy axis being in the basaD<B<18 T at fixed temperatures of 2.3, 4, 20, and 100 K.
plane. The anisotropy ratig,,/ x. is 2 at 50 K and reaches The anisotropy is already visible at 100 K, and grows mark-
11 at 2 K. A plot of the “effective momentTy [Fig. b)]  edly stronger at low temperatures; at 2.3 K and 5 T it can be

[lI. RESULTS AND ANALYSIS
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represent the sum of a Brillouin term and a linear t¢lg. (1); see
text for detail§ while the dashed line represents a Brillouin term

nly.

FIG. 3. (a) The ac susceptibility of CePtPb at low temperature
and for several pressures fBr.c. The units ofy,, are arbitrary.
(b) The Neel temperatureBy (assuming the maximum ig,, oc-
curs atTy) plotted vs pressure.

(0]
seen thaM ,,/M.=5.5. It can also be seen that at low tem-

perature a field of order 10 T is sufficient to saturbde, The resistivity between 1.2 and 300 K is shown in Fig.
while M continues to increase with field. The solid line in 54) The overall behavior is that of a simple metal. The inset
Fig. 4(@) represents the functional form in Fig. 5@a) shows the region below 10 K; belo4 K the
resistivity begins to decrease more rapidly with temperature.
Mab= (9an/2) netant gapusB/2k(T—6)]+ x0abB- (1) Figure Fb) is a plot of the resistivity data between 40 mK
and 1.6 K. The data show an upward kink upon cooling
The Brillouin term is that expected for a ground-statethrough the phase transition d=0.9 K. The inset of Fig.
doublet (effective S=1/2) with a spectroscopig factor  5(b) shows that below 0.7 K the resistivity has a temperature
Jar and with the ferromagnetic fluctuations treated in thedependence of the form=py+ AT?; a linear fit to the data
mean-field approximation. The linear termyg,p givesA=0.24u) cm/K>.
=0.00655/T=0.0036 emu/mol is the same as the constant The specific heat of CePtPb and LaPtPb between 80 mK
term xo in the low-field c-axis susceptibility; the observed and 20 K is given in Fig. @). The large peak afy=0.9 K
saturation magnetization i8g,,=0,p1s/2=0.92ug and is expanded in the inset. Given that the lattice constants of
the observed values f&@ are 1.3 K at 2.3 Kand 1.8 K at 4 the two compounds are nearly equal, we assume that the data
K. These values should be compared to the value$or LaPtPb represent the phonon contribution to the specific
Jab2=1.17 and® = 0.8 K obtained from the fits to the low- heat of CePtPb, and that thé 4magneti¢ contribution to
field, low-temperature susceptibility,,=C.,/(T—0) as- the specific heat of CePtPb can be taken as the difference
suming C,p=Na("apus)?/4ks. At low fields the c-axis = Cp(T)=C(CePtPbl)—C(LaPtPbT). The magnetic contri-
magnetization can be fit to a Brillouitmean-field term,  butionC,(T) is plotted in Fig. b). In Fig. 7@ we plot the
with Mg .=0.2ug/Ce atom and® = 1.8 K[Fig. 4b), dashed linear coefficientC,/T; this has a minimum at 0.030
line]; these values should be compared to the valued/mol K? near 12 K. FoIT<Ty, a plot of C/T vs T? [Fig.
g./2=0.42 and® =0 obtained from the fits to the low-field, 7(a), insef demonstrates that,,=y(0)T+ B(0)T?>; least-
low-temperature susceptibility.= xo.+ C./T. Addition of  squares fitting the data for the intervied.2,0.7 K gives
the linear termy, B to this Brillouin term[Fig. 4(b), solid  ¥(0)=0.3 J mol K? and 8(0)=7.9 J mol K*. We integrate
line] gives the right order of magnitude féd. at 18 T, but C,,/T to obtain the magnetic entropy in Fig(bj. The in-
makes it clear that to fit at higher fields requires an additionatrease above the vallIn2 for T>7 K is expected due to
susceptibility which is nonlinear iB. the contribution of higher-lying crystal-field levels. In Fig.
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FIG. 5. (a) Resistivity of CePbPt between 1.2 and 300 K. Inset: FIG. 6. (@ Hea.t capacityC(T) Of. CePtPb _and LaPth_for
Resistivity between 1.2 and 10 Kb) Resistivity between 50 mK 0.2<T<20 K. Inset:C(T) for CePtPb in the region of the antifer-
SIstvity ) SISUVITy betw romagnetic transition, showing a peakTaf=0.9 K. (b) The mag-

and 1.6 K. The upward kink dlty=0.9 K suggests that the antifer- netic specific heat,,= C(CePtPh—C(LaPtPh. The lines show the

rozmagnetlsm gaps th? F.e”“.' sur_f ace. Ir_lset: resistivity plottzed Vsexpected contribution from a crystal-field doublet located at an en-
T for T<Ty. The solid line is a fit to a linear form=py+AT

. N 2 . S . ergy kg above the ground doublet. The valde- 100 K gives the
with Af_r?'zéﬂﬂ cm }? ) Thls Ferm"“qlé'db belk?awor_fsuggests th‘.”‘t best representation of the data. The solid circles represent the mag-
gsr':hc;t thsavergrle:tl:(r)r?clfelhsa\r:iootrge;egi?s ts ge%hsv ant erromagnetlsmnetic specific heat after subraction of the contribution of the higher

y P doublet, with§=100 K. The contribution of the ground-state dou-

blet is seen to be highly asymmetric above and belgw and to
6(b) we show the contribution expected from a doublet lyingextend to very high temperaturéks K) relative toTy .
at =80, 100, or 120 K; the valué=100 K seems appro-
priate.[This is the same value used to describe the increase
in susceptibility in Fig. 2).] When the contribution of such "€ con?tant Ca,? of olrlt_jer]r 0.5 er]rlu K/ranI‘ The Itqw-
a doublet is subtracted, we find that the tail of the specifid®MPerature upturn, which arises from ferromagnetic ex-

; Lo hange in the basal plane, can be fit in the Curie-Weiss
heat extends to 15 KFig. 6(b), solid circle§. However, we ¢ - ) ' . .
obtain a slightly large 93/alua§1.09R In2) for the saturation gpproxmatlor[Flg. 2a)] where the resulting Curie constant

entropy in the ground-state doublet, suggesting that th& also 0.51 emu K/mol. The low-symmetry (_:ry_stal fiel_d thus
analysis is incompletée.g., we need to include the third Creates an easy plane and a susceptibility anisotropy
doublet expected fod=5/2 ’Ce Can/C.=7.5; the additional enhancement of the anisotropy

for T<15 K is an exchange effect. The existence of Van
Vleck termsli.e., the constant susceptibilify, . at low tem-

V. DISCUSSION perature, Fig. @)] is an additional typical consequence of
A. Ani d tal field low-symmetry crystal fields.
- Anisotiopy and crystal felds The saturation magnetization determined from the Bril-

Our x-ray-diffraction results show that CePtPb is hexago{ouin fits to M4, [Fig. 4(a)] implies a spectroscopig factor
nal; the line intensities are in reasonable agreement witlg,,/2=0.92, which is in qualitative agreement with the
those expected for the BB structure, for which the Ce atom value 1.17 obtained from the low-temperature susceptibility.

sits at the § site which hasnm symmetry. For such a low- As mentioned in Sec. I, it is not possible to fit the low-
site symmetry, anisotropy of the susceptibility is expected onemperature-axis magnetization with the sum of a Brillouin
very general grounds. term and a linear term over the entire range of field; although

Our measurements indeed show an anisotropy of the sushe fit works well at low field and gives the right order of
ceptibility developing below 150 K. The-axis low-field  magnitude forM at high field, it gives a very bad fit at
susceptibility y. extrapolates at low temperature to a Curieintermediate fieldgFig. 4(b), dashed lin¢ Furthermore,
constant C.=0.068 emuK/mol. Ignoring the Ilow- there is a marked disagreement between the value
temperature upturfFig. 1(b) in Tyx,,] and extrapolating the g./2=0.20 obtained from this fit and that expect&i425
data taken above 15 K t6=0 gives a low-temperature Cu- on the basis of the extrapolated Curie constant.
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The existence of ferromagnetic fluctuations above thelNe

8 8 temperaturely of an antiferromagnet has been observed in
other Ce compoundsit is expected when the exchange in-
. 6 teractionJ; between nearest Ce neighbors in the basal plane
Y is ferromagnetic, but the interactioh between adjacent
2 4 planes is antiferromagnetic. Nelson and FiSiteive treated
g N such a situation for Ising spins on a tetragonal lattice; in the
= ] mean-field regime, the ferromagnetic correlations tend to-
SE 2 wards a divergence & =2J,—J, but the divergence is cut
off by the antiferromagnetic transition, which in mean field
0 occurs atTy=2J;+J, . For the observed valugd=0.8 K
od andTy=0.9 K this implies];=0.425 K andJ, =0.05 K and
S E,uac_:_D_P,E'_'?F'_?F,‘Ef_D__: an exchange anisotropy, /J;=0.12. Of course, CePtPb is
:F'd:p not tetragonal, and the spins are not Ising spins, so these
c & estimates are merely qualitative. Exchange anisotropy and
G 4r ] anisotropic order is very common in Ce compoundsis
g believed to arise from hybridization of the localizéclec-
=) tron with the conduction electrons when the orbital character
a2 ] of the 4f wave function is correctly included.
(b)
0 0 ; 1'0 1'5 50 B. Coexistence of antiferromagnetism

and heavy-fermion behavior
T(K
& Doniach has proposed a phase diagram which is believed

to be generic for heavy-fermion compourfdst small values
FIG. 7. The “linear coefficient’C,(T)/T plotted vs tempera- of the Kondo coupling constan®, magnetic order domi-
ture. The inset details the region beldy, plottingC,, vsT>. The  nates andry increases ag/; for large 7 Kondo demagne-
solid line represents a fit to the formy(0)T+B(0)T® with tization (with Ty exyf —1/N(0) 7]) dominates. At a criti-
¥(0)=0.3 J/mol K2. This large value is consistent with the value of cg| value 7. there is a T=0 transition from the
the coefficientA [Fig. 5b), insef and supports the existence of antiferromagnetic ground state to a nonmagnetic Fermi lig-
heavy-fermion behavior beloWy . (b) The magnetic entrop$;,. uid; at an intermediate valug < 7., there is a maximum
The generation of eptropy is very slow relative qQ; it is only in Ty( 7). The transition‘ OCCUfS wheTy~Tx, hence
$'7R In2 at 2Ty, and it recovers the fulR In2 entropy only at 7-8  poq v farmion behavior and magnetic correlations coexist
N for 7=~ 7.; this leads to quantum critical behavior in the
vicinity of the T=0 fixed point, which is expected to have
Clearly, the fits toM (B) and to the low-field susceptibil- profound consequences for the low-temperature behavior in
ity x are only qualitatively consistent; the quantitative dis-both the magnetically ordered and the nonmagnetic regime.
crepancies reflect the influence of higher-lying crystal-field Recently Beyermanet al® have argued that the system
doublets and require inclusion of nonlinear terms in the magCePtSn,, which undergoes antiferromagnetic ordering at
netization. Ignoring the effect of the highest-lying doublet, Ty=0.9 K is an example of the coexistence of magnetic
the increases in botf, and C(T) above about 20 KFigs.  order and heavy-fermion behavior. The argument was based
2(b) and Gb)] can be explained with a second doublet lo-on two features of the specific heat. The first is that the
cated 100 K above the ground-state doublet. The Curie corspecific-heat coefficient(T)=C(T)/T is very large(3.5
stant for this doublet obtained from the fit in Fighpwould  J/mol K?) at temperatures just abolg . The second is that
then be 0.58 emu K/mol, which implies a moment for theon warming througiT the spin entropy associated with the
second doublet of order Ju2/atom and hence @ factor of ~ ordering ground-state doublet increases much more slowly
2.4. In the large fields+ 20 T) used in this experiment, this than expected for a mean-field phase transition, reaching a
doublet could give rise to large nonlinear mixing intb . value of only 0.7R In2 as opposed t& In2 at Ty . Both of
Consistent fits of the susceptibility, magnetization, and spethese facts can be understood as consequences of heavy-
cific heat clearly require a much better knowledge of thefermion behavior. Using the Bethe-Ansatz re3ulfy
actual crystal-field scheme, determined for example by in==R/6y whereR is the gas constant give=1.2 K for
elastic neutron scattering, and a nonlinear calculation of th€ePtSn,, which is of the same order 8%, . Furthermore,
magnetization; this is beyond the scope of the present papén the Kondo theory, the spin entropy is generated slowly
While the anisotropy of the saturation magnetization andlogarithmically on the scal&/ Ty, accounting for the slow
of the susceptibility forT>15 K can be explained as a growth of entropy abové .
crystal-field effect, the additional increaseTity,, below 15 Both these features are present in the data for CePtPb. In
K is clearly an exchange effect and can only arise from ferFig. 6 it can be seen that the specific heat is highly asym-
romagnetic fluctuations. All other mechanistugystal fields, metric neaiTy; it decreases much more slowly féor1.1 K
heavy-fermion demagnetization, and antiferromagnetic flucthan in the comparable range far<T,. Above Ty the
tuationg causeT y to decreasewith decreasing temperature. specific-heat anomaly appears to ride on a large background,
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which increases slowly fra 5 K to about 1.1 K, approach- dTy/dP=+0.1 and—0.04 K/kbar forT = Ag, Au, respec-
ing a value of order 2 J/mol K at 1 K. If we interpret this tively, to —1.4 and—5 K/kbar forT = Pd, Rh, respectively.
weakly T-dependent asymmetric background as representingGoupled with other observations of the behavior of the resis-
heavy-fermion behavior, with/(Ty)~2 J/mol K2, we ob-  tance as a function of temperature and pressure, these results
tain Tx~2.2 K, again of the same order @g. Second, as led to the conclusion that the Kondo temperatlie was
seen from Fig. @), the entropy is generated even more much lower thanCeAg,Si,) or comparable tdCeAu,Siy)
slowly than in the case of Cef8n,, having the value the magnetic energy scalg, whereas the behavior of the
0.4RIn2 atTy=0.9 K, the value 0.RIn2 at T=2T, and other two compo_unds puts them in the opposite regime
reaching the fulR In2 expected for the doublet only at 7 K. WhereéTx>Ty. This argument would lead to the conclusion
Hence in this interpretation, the system demagnetizes anfiet T Tk In CePbPt and that a much larger pressure is
therefore loses spin entropy gradually as the temperature rgqmred to reverse the sign ofiTy/dP and to increase
lowered towardsTy; but becauseTy~2 K is not much 7 to a value sufficiently close tg7. that heavy-fermion

larger thanTy~1 K, the demagnetization is insufficient to effects are r_1(_)n-_n_egllg_|ble. . . -
: In this spirit, it is quite plausible that the linear coefficient
prevent magnetic order.

: of specific heat observed fd@r<Ty (Fig. 7) and theT? de-
Other features of the data suggest that heavy-fermion be- PR . -
: . . . . ! endence of the resistivitjFig. 5) are artifacts of fitting the
havior coexists with antiferromagnetism beldy . The first ep tFig. 5 g

_ " data over a limited temperature range, at insufficiently low
is that the spegmﬂc_ heat fof<Ty behaves asC(T)  temperature. We thus believe that the arguments given for the
=y(0)T+B(0)T° [Fig. 7@)]. The linear term[y(0)~0.3  coexistence of ordering and heavy-fermion behavior are in-

Jimol K?] suggests that heavy-fermion behavior persists inconclusive for CePtPhand quite possibly for CeRSn,
the antiferromagnetic phase. Such linear behavi®€ (@) is  (Ref. 3 as well.

also observed itJ-based heavy-fermion antiferromagnéts,
supporting this interpretation. Second, the resistivity varies

as AT? below Ty [Fig. 5b), insef with A=0.26 wQ cm/ V. CONCLUSION
K2. This power law, suggestive of Fermi-liquid behavior, is
typically observed in nonmagnetic heavy-fermion com-
pounds. Furthermore the rathd y? has been found to have a
typical value 1xX10 °uQ cm(K mol/m)? for heavy-
fermion compound$® for CePtPb the value of this ratio

We have demonstrated that the susceptibility and magne-
tization of single crystals of the new compound CePtPb are
highly anisotropic; and we have demonstrated that this an-
isotropy has its origin in the low-symmetry crystal field at

. ~ . the Ce site in the R&P structure, with an additional enhance-
5 2 1
measured belowy is 0.3<10 > cm(K mol/mJ*, which ment due to exchange anisotropy, which causes ferromag-

is within the range of variation expected for different com- etic enhancement of the basal plane susceptibility at low

FhounQS. l:herlcr?' therfe ap.peatr)s ;0 pe overallthn?;]sten%y wi Qmperatures. Given the large magnetic fields obtainable at
€ view that heavy-lermion behavior persists in the ordere HMFL, nonlinear effectgbeyond the Brillouin behavior of

phaHse. th ti i lusi First of all the ground-state doub)eteed to be included in the calcula-
| owevet, i c a][gun:en IS r']tOB 1c_oniL(J)S|5\ée.l |2rs_ ° t? * tion of the low-temperature magnetization. To obtain good
slow generation of entropy, Wit(Ty)~0. ne, 1S 00 fits between theory and measurement would require a better

tser}[/_ed evEn f(e?rr cogvetrr\]nonal anil;‘]err;)magﬁ%mi_to ﬂuc—l knowledge of the crystal-field splitting, best obtained from
uations abovely . FUrth€rmore, the terromagnetic Correla- j,q|a5tic neutron scattering. A better determination of the

tions ShQUId contribpte to the specific heat. ab(Ma After crystal structure and cell parameters, by neutron or x-ray
subtracting the estimated Schottky contribution from theyit o tion is also in order

higher doublet, the long high-temperature tail of the specific The se'cond issue raiséd by our work is whether heavy-
heat due to thehground-state doublet is oblsse[Fagi G(hb)]fto fermion behavior coexists with antiferromagnetic order in
persist ou_t to the same tem.peratlaabout K as the fer- CePtPb. The evidence for this comes from the linear behav-
romagnetic correlations. This suggests that the gradual |°§8r of the specific heat and the Fermi-liquid behavior
of entrqpy below 15 K may be due to the on_set .Of t.hese(p=AT2) of the resistivity forT<T,, and from the large,
correlations, rather than to the Kondo effgdthe situation is slowly varying specific heat foF>Ty. On the other hand

c_omplicated even farther by_ the faCt. th‘.’ﬂ magnetic Correla'Ehe specific heat may be enhanced by ferromagnetic correla-
tions play an important role in establishing coherence, evellons rather than by Kondo demagnetization; and the obser-

n r'l‘onmagr:jenc he?vy-ferm?n cotrﬂpout:ia)s. {iBiy. 3b)] vation thatTy increases with pressure suggests that CePtPb
second caveat comes from the observaiibrg. may be too far from thd =0 magnetic-nonmagnetic transi-

that the Nel temperature increases with pressure. Since fo{ion for heavy-fermion effects to be important. Inelastic neu-

ﬁebt.r:f atppllcatlon of pbrlessfure tﬁ eX£e&§m mcLeas_e the tron scattering, which has recently been dsed explore the
ybridization responsible for the Kondo exchangee., coexistence of magnetic correlations in the ground state of

d 71dP>0), then in the context of the Doniach phase dia- ; ; ; ;
‘ ; tic h -fi ds, is the ideal probe t
gram we expecdTy/dP>0 when 7 is smaller than the ?gsr(r)?\?g?ﬁs'cis:u?y ermion compounds, IS the ideal probe fo

value whereTy(2) is maximum. For small enough?

heavy-fermion effects should be negligible. As an example,

we consider the study of CeBi, compounds? where T ACKNOWLEDGMENTS
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