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CePt2Si2: A Kondo lattice compound with no magnetic ordering down to 0.06 K

P. Dalmas de Re´otier, A. Yaouanc, R. Calemczuk, A. D. Huxley, and C. Marcenat
Commissariat a` l’Energie Atomique, De´partement de Recherche Fondamentale sur la Matie`re Condense´e,

F-38054 Grenoble Cedex 9, France

P. Bonville
Commissariat a` l’Energie Atomique, De´partement de Recherche sur l’Etat Condense´, les Atomes et les Mole´cules,

F-91191 Gif-sur-Yvette, France

P. Lejay
Centre de Recherches sur les Tre`s Basses Tempe´ratures, Centre National de la Recherche Scientifique,

BP 166, F-38042 Grenoble Cedex 9, France

P. C. M. Gubbens and A. M. Mulders
Interfacultair Reactor Instituut, Delft University of Technology, 2629 JB Delft, The Netherlands

~Received 25 July 1996!

We have performed zero-field and longitudinal field muon spin experiments on single crystals of the Kondo
lattice compound CePt2Si2 down to 0.06 K. The crystals have been characterized by magnetization and
specific heat measurements. We do not detect any electronic magnetic signal. Our result rules out a magnetic
phase transition as the origin of the non-Fermi-liquid behavior of the specific heat and electrical resistivity
observed at low temperature.@S0163-1829~97!02206-6#
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The Kondo lattice compound CePt2Si2 crystallizes in the
CaBe2Ge2-type tetragonal structure ~space group
P4/nmm).1 Its Kondo temperature as determined by spec
heat isTK . 70 K.2 At low temperature, its specific hea
electrical resistivity, and magnetic susceptibility display no
Fermi-liquid behavior.2,3 Whereas the thermal behavior o
the specific heatC and electrical resistivityr follow the
predictions for a Fermi-liquid system in the range 4–10 K
low temperature they strongly deviate from the expected
havior. The Sommerfeld ratioC/T increases steeply as th
temperatureT decreases and concomitantlyr has an ap-
proximate linear temperature dependence.2 It has been ar-
gued that a collapse of the magnetic susceptibility in thc
plane occurs below 4 K, although this conclusion has b
reached after applying a large correction to the measu
susceptibility.3 This correction was supposed to take into a
count an impurity contribution to the susceptibility. The lo
temperature dependence of the Sommerfeld ratio, resisti
and susceptibility may reflect a low temperature magn
phase transition. A more exciting possibility is th
CePt2Si2 is an example of a non-Fermi-liquid system.4–6

If CePt2Si2 has a magnetic phase transition at low te
perature, this phase is certainly characterized by small m
netic moments since otherwise it would have been alre
detected. The most efficient method to unravel such a ph
transition is to perform muon spin relaxation (mSR!
experiments.7 Here we report such experiments which sho
that CePt2Si2 does not display any signature of static ele
tronic magnetism. This is in contrast to most strongly cor
lated electron compounds for whichmSR experiments have
detected static magnetism.7

CePt2Si2 bulk materials have been prepared by dire
combination of the high quality elements~Ce : 4N, Pt : 4
550163-1829/97/55~5!/2737~4!/$10.00
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N, and Si : 6N5!. The starting elements~for a total weight of
nearly 10 g! were melted in a water-cooled copper crucib
heated with a high frequency generator under a purified
gon atmosphere. To improve homogeneity, the bulks w
turned over and remelted several times. The weight los
negligible using this way to prepare silicides. The mater
was then introduced in a triarc furnace under inert g
equipped with a Czochralski puller.8 Two single crystals~the
c axis was either along or perpendicular to the pulling ax!
were grown from the same bulk starting composition us
the same seed. The single crystals were checked by con
tional x-ray powder diffraction and their single-crystallin
state has been confirmed using the back scattering x
Laue technique. They have been annealed in a resistive
trahigh vacuum furnace during 8 days at 950 °C un
3.5310210 torr. The two crystals were then cut by spa
erosion. For themSR measurements, the slices of each cr
tal were carefully glued to a 5N silver plate~40340 mm2)
in such a way as to produce sample disks of; 25 mm
diameter and; 0.4 mm thickness. Therefore themSR mea-
surements were carried out on two samples which differ
the orientation of the crystal axes relative to the sam
plane: thec axis is either perpendicular or parallel to th
plane. The crystals have been characterized by magnetiza
and specific heat measurements. All the measurements
performed on annealed crystals, except for some magne
tion measurements done on as-grown crystals.

The magnetization measurements were performed wi
SQUID magnetometer. In Fig. 1 we present the magn
field dependence of the magnetization recorded at low t
perature. The field was applied either along thea or c axis.
As found previously, the magnetization is very weak with
large anisotropy in favor of the basal plane.3 This anisotropy
2737 © 1997 The American Physical Society
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2738 55BRIEF REPORTS
is explained by the crystal electric field acting on the
ions.9 The signature of a metamagnetic transition which
perceptible for the as-grown crystal at' 2.5 T when the
field is applied along thea axis has disappeared in the a
nealed crystal. Therefore the reported metamagn
transition3 is not an intrinsic physical property o
CePt2Si2. We have performed additional magnetic susce
bility measurements down to 2 K. The results are presen
in Fig. 2. The fact that annealing increases the low temp
ture planar and axial susceptibilities seems to point out
the relatively large susceptibilities at low temperature is
least partly an intrinsic effect and not entirely due to imp
rities as suggested previously.3 To settle the problem of the
origin of the anomalous low temperature behavior of
susceptibilities, nuclear magnetic resonance~NMR! experi-
ments on195Pt and29Si have to be performed.

In Fig. 3 we present the specific heat data. The temp
ture behavior is similar to that observed previously.2 As
shown by the full line, above 4 K the total specific hea
follows the law C5gT1bT3 with the Sommerfeld ratio
g 5 70 mJ K22mol21. Below 4 K, C/T departs strongly
from the linearity, reaching a value of' 0.118
J K22mol21 at low temperature. The increase inC/T cannot
be described by a2 ln(T) law as found for CeCu5.9Au0.1.

6

Referring to the work of Ayacheet al.,2 we note that the
electronic part inC/T is constant in the same temperatu

FIG. 1. Magnetization curves of an as-grown and an anne
CePt2Si2 crystal at three temperatures~2, 4.5, and 10 K!. At a
given field, the lower the temperature is, the larger the magne
tion is except for some experimental conditions for which the m
netization is practically the same at two temperatures. The fiel
applied either along the@001# or @100# direction. The lines are only
guides for eyes. The signature of the metamagnetic transition w
is perceptible for the as-grown crystal disappears when annea

FIG. 2. Temperature dependence of the inverse of the dc m
netic susceptibility measured on as-grown and annealed CeP2Si2
crystals. The field is applied either along the@001# or @100# direc-
tion. At low temperature the planar and axial susceptibilities
larger for the annealed crystals.
s

ic

i-
d
a-
at
t
-

e

a-

range as theT2 law is verified in the resistivity. Therefore
above 4 K, we observe a typical Fermi-liquid behavior. B
low 4 K, the specific heat and resistivity2 do not have that
expected behavior. A possible reason could be the pres
of a magnetic phase transition at low temperature. Below
reportmSR measurements done to look for such a transiti

The mSR measurements were performed at the Mu
spectrometer10 of the ISIS surface muon beam facility lo
cated at the Rutherford Appleton Laboratory~RAL, UK!.
The spectra were recorded with a3He-4He dilution refrig-
erator for temperatures below 4.2 K and with a helium c
ostat for temperatures up to 45 K. Some spectra were
corded below 4.2 K with the helium cryostat.

In themSR technique polarized muons are implanted in
a sample where their spin evolves in the local magnetic fi
until they decay.11 The decay positron is emitted prefere
tially along the final muon spin direction; by collecting se
eral million positrons, we can reconstruct the muon spin
polarization functionPZ(t). The Z axis refers to the muon
beam polarization axis which, in our case, is as well
direction of the detected positrons.11 PZ(t) has been deduce
from the raw data using the method described in Ref. 12.
have carried out measurements in zero-field and with an
ternal applied field of 10 mT.

In Fig. 4 we present a typical zero field spectrum. T
spectra are all well analyzed by the sum of two functions

aPZ~ t !5aKTPKT~ t !1abgexp~2lbgt !, ~1!

wherePKT(t) is the Kubo-Toyabe function which describe
the damping due to the sample and the second term acco
for the muons stopped in the sample holder, cryostat w
and windows. Because the spectra are not strongly depo
ized, it is not possible to measureabg. Taking account of the
size of our samples, we estimateabg 5 0.080. Because this
value is estimated and not measured, the absolute valu
the damping rate deduced from the data suffers some un
tainty (; 15 %!. For the same reason we cannot compare
damping rate measured for the two samples in details. N
that the uncertainty onabg does not influence the temperatu
dependence of the damping rate. Measurements in zero
with only the silver plate and no sample showed that a go
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FIG. 3. Total specific heat divided by the temperature,C/T, vs
T2 measured for a crystal of CePt2Si2. These measurements clear
show that a crossover to a new electronic ground state occurs b
4 K.
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55 2739BRIEF REPORTS
estimate forlbg is 0.012 MHz for the dilution refrigerato
and virtually 0 for the helium cryostat. The CePt2Si2 zero-
field spectra were therefore fitted withabg andlbg fixed to
the previous values andaKT as a free parameter.aKT is then
found to be constant over the temperature range investiga
aKT . 0.175. Since the damping due to the sample is v
small, PKT(t) is well approximated by a paraboli
function:11

PKT~ t !512DKT
2 t2, ~2!

whereDKT5gmA^B2& describes the width of the distributio
of local fields. gm is the muon gyromagnetic ratio (gm
5 851.6 Mrad s-1 T21) and^B2& the second moment of th
field distribution at the muon site. The parabolic characte
the spectra is clearly seen in Fig. 4. The fact that the de
larization due to the samples is well described by the Ku
Toyabe function is a strong indication that the spins of
muons are depolarized by a static field distribution, with
characteristic fluctuation time longer than; 531026 s. This
interpretation is confirmed by additional measurements p
formed at high and low temperature with a magnetic field
Bext510 mT applied along theZ axis: since gmDKT
! Bext, the spectra are not depolarized.

In Fig. 5 we presentDKT(T) for the two orientations of
the crystal axes relative to theZ axis. DKT is temperature
independent for the two samples. From this observation
deduce that a possible change in the internal magnetic
induced by electronic magnetism, if it exists, has to
smaller than approximately 3mT at the muon site over the
whole temperature range.

The absence of thermal variation ofDKT(T) clearly shows
that the muon spins are not depolarized by static magn
moments of electronic origin. The observed depolarizatio
induced by the nuclear magnetic moments carried by
195Pt and 29Si nuclei of spin 1/2 and abundance 33.7 a
4.7 %, respectively. Given a muon localization site,DKT due
to nuclear moments can be reliably computed~the lattice
and electronic electric field gradients do not have any ef
on 1/2 nuclear spins! but the muon localization site in
CePt2Si2 is unknown. There is no obvious symmetrical i
terstitial site in the CaBe2Ge2 structure type where the muo

FIG. 4. A typical mSR zero-field spectrum measured o
CePt2Si2 with the c axis parallel to the initial muon beam pola
ization,Sm . The full line is a fit with the Kubo-Toyabe function.
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could sit. In Ref. 13 a list of possible sites is given for t
ThCr2Si2 structure and these sites can be transposed to
CaBe2Ge2 structure. This set of 11 sites is spread over
unit cell, and therefore we can have at least an order
magnitude forDKT . Using the lattice parametera 5 4.25
Å and c 5 9.80 Å ~Ref.1! we find values ranging from
0.027 MHz to 0.14 MHz. For most of the sites the val
computed forSm'c is slightly larger than the one compute
for Smic. The experimental value ofDKT and its orientation
dependence is then consistent with the computed one.

The nonobservation of a magnetic signal of electronic o
gin means either that the Ce atoms carry static electro
magnetic moments smaller than; 2 3 1024mB ~or the con-
duction bands are very weakly polarized! ~Ref. 14! or these
moments are larger but cannot be detected bymSR. This is
possible either if the magnetic moments order but for sy
metry reasons the magnetic field at the muon site cancel
if their characteristic fluctuation timetc is very short, i.e.,
smaller than; 1027 s ~this time limit may be 1 order of
magnitude larger or lower depending on the coupling
tween the muon and the moments!. Because we have no
information on the muon localization site, we cannot discu
reliably the possibility of cancelation of the field at the mu
site for symmetry reasons. In relation to our present wo
we note that while NMR andmSR do not detect any mag
netic moments in UPt3, neutron diffraction techniques do se
Bragg peaks related to magnetic moments.15 Therefore it
would be of interest to look for magnetic Bragg peaks
neutron diffraction measurements in CePt2Si2. Apart from
the immediate interest for CePt2Si2, it could help under-
standing the origin of the magnetic Bragg peaks of UPt3. In
the rest of the discussion we will take the conservative po
of view that CePt2Si2 does not present magnetic ordering

It has been pointed out that the paramagnetic ground s
of compounds with strong electronic correlations is high
unstable.7 In fact only CeCu6 does not seem to present som
kind of static ordering~magnetic or superconducting! at low
temperature.16 With this work we add a second compound

FIG. 5. Temperature dependence of the damping rateDKT mea-
sured on two CePt2Si2 samples which differ by the orientation o
Sm relative to the crystal axes:Sm is either parallel or perpendicula
to c. The dashed straight lines indicate the averageDKT values for
the two orientations.
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2740 55BRIEF REPORTS
the list of Ce intermetallics with a nonmagnetic ground st
at low temperature. We notice that the Kondo temperatur
CeRu2Si2 is three times smaller than in CePt2Si2, and that
the former compound presents amSR magnetic signature
starting at; 2 K,7 while the latter does not display thi
signature even at 0.06 K. In this respect, we mention here
discovery of a magnetic phase transition at; 40 K in
CeRu2,

14 an intermetallic with a Kondo temperature of;
1000 K.17

In conclusion, the temperature dependence in CePt2Si2 of
the specific heat and electrical resistivity observed below
seems to indicate that this compound is not a Fermi-liq
system. In this paper we have argued that ourmSR experi-
ment indicates that CePt2Si2 does not have a magnetic pha
transition occurring above 0.06 K. To establish definitive
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the absence of this transition, neutron diffraction expe
ments should be performed since, as found for UPt3,

15 such
a transition not detected by muon relaxation measurem
could be seen by neutron experiments. The exciting poss
ity that CePt2Si2 is an example of a non-Fermi-liquid meta
calls for additional measurements to characterize its phys
properties. We have in mind nuclear magnetic resonance
high field specific heat and resistivity measurements.

The researchers from the Netherlands acknowledge
port from the Dutch Scientific Organization~NWO!. The
mSR measurements were partly supported by the Comm
sion of the European Community through the Large Insta
tions Plan.
tt,

n,
.
s,

.
ys.

.
l-

w 5
a,
.

1K. Hiebl and P. Rogl, J. Magn. Magn. Mater.50, 39 ~1985!.
2C. Ayache, J. Beille, E. Bonjour, R. Calemczuk, G. Creuset,
Gignoux, A. Najib, D. Schmitt, J. Voiron, and M. Zerguine,
Magn. Magn. Mater.63 & 64, 329 ~1987!.

3D. Gignoux, D. Schmitt, and M. Zerguine, Phys. Rev. B37, 9882
~1988!.

4C.L. Seaman, M.B. Maple, B.W. Lee, S. Ghamaty, M.
Torikachvili, J.-S. Kang, L.Z. Liu, J.W. Allen, and D.L. Cox
Phys. Rev. Lett.67, 2882~1991!.

5B. Andraka, and A.M. Tsvelik, Phys. Rev. Lett.67, 2886~1991!.
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