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The cubic compound CelnPt, exhibits heavy fermion behavior with a high extrapolated value of the elec-
tronic specific heat, y=2.5 J/mole K?> as T— 0 K. The specific heat does not exhibit any sign of long range
magnetic ordering down to 100 mK. In order to understand the origin of the high value of y and the nature of
the 4f electrons of this compound, we have carried out neutron diffraction, low-field magnetic susceptibility,
muon spin relaxation, and inelastic neutron scattering measurements on CelnPt,. Our susceptibility results
show that for temperatures between 20 and 1.5 K, a power law behavior is exhibited, x(7)~7# with B
=0.5. Below 1.5 K, the susceptibility is almost temperature independent, again without any sign of magnetic
ordering down to the lowest available temperature (300 mK). The muon spin relaxation measurements reveal
that below 1 K, the electronic relaxation rate strongly increases without any loss of muon initial asymmetry,
indicating the presence of low energy spin fluctuations as an explanation for the high value of y in CelnPt,.
Heat capacity data reveal a log(C/T)*log(T) behavior, indicating that CelnPt, may exhibit non-Fermi-liquid
behavior close to a T— 0 K quantum critical point. Our inelastic neutron scattering results reveal a broad
crystal field excitation centered at 25 meV, indicating the presence of strong hybridization between the 4f and
the conduction electrons, which is consistent with the observed high value of the paramagnetic Curie tempera-

ture (6,=-255 K).
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I. INTRODUCTION

Cerium based intermetallic compounds have generated
considerable interest in the field of strongly correlated elec-
tron systems due to the observation of various novel ground
state properties, such as heavy Fermion behavior, valence
fluctuations phenomenon, coherent Kondo lattice effect, un-
conventional superconductivity, quantum criticality, and non-
Fermi-liquid behavior.!? Theoretical calculations based on
Anderson’s model indicate that many of these properties can
be explained by considering the presence of strong hybrid-
ization between the localized 4f electrons and conduction
electrons.>* In the absence of hybridization, Ce compounds
exhibit conventional magnetic ordering at low temperatures
or remain paramagnetic, while with increasing strength of
hybridization, the magnetic ordering temperature 7 passes
through a maximum. Also, some Ce compounds have a simi-
lar value of T, when compared to their isostructural Gd
compounds,>® which cannot be explained using de Gennes
scaling. Further increasing the hybridization strength leads to
novel ground states being observed, such as quantum criti-
cality, and mixed valence or itinerant behavior for the stron-
gest hybridization limit."?

Recently, RXT, (R=rare earths, X=In, Mn, and T
=transition metals) compounds have attracted attention
due to the interesting physical properties they exhibit, for
example, a first order valence phase transition in
YbInCu,,” heavy Fermion behavior of CelnPt,,%° geometri-
cal frustration in RInCu, compounds,'® a Kondo-type rise in
the resistivity of nonmagnetic YInCuy,'' and the prediction
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of Mn rattling modes in CeMnNiy,.'? All these compounds
crystallize in the ordered version of a MgSnCu, type struc-

ture, space group F43m (No. 216).!> Among these com-
pounds, CelnPt, exhibits some fascinating behavior. Its elec-
tronic coefficient of heat capacity 7y increases continuously
with decreasing temperature and reaches 2.5 J/mole K? as
T—0 K (extrapolated value). The origin of this high value
of y was not explained in the previous study.” In order to
understand the high vy value in CelnPt,, we have investigated
the spin dynamics of CelnPt, using muon spin relaxation
(uSR) measurements. Furthermore, we have carefully char-
acterized the sample using powder neutron diffraction, mag-
netic susceptibility, and inelastic neutron scattering measure-
ments.

Our uSR study reveals the presence of low energy spin
fluctuations below 1 K. The wuSR results along with
log(C/T)«log(T) behavior of the heat capacity indicate that
the origin of the high value of y in CelnPt, is due to non-
Fermi-liquid (NFL) behavior arising from the quantum fluc-
tuations at the 7=0 phase transition. The neutron diffraction
study reveals an ordered MgSnCuy-type structure without
any disorder between the In and Pt atoms and a high value of
the thermal parameter for the In atoms. This indicates the
presence of rattling modes for the In atoms. Further, the in-
elastic neutron scattering shows a broad crystal field excita-
tion at 25 meV, indicating the presence of strong hybridiza-
tion between 4f and conduction electrons.
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II. EXPERIMENTAL DETAILS

A polycrystalline sample of CelnPt, was prepared in a
water cooled copper hearth argon arc furnace using stoichio-
metric amounts of the constituent elements with a minimum
purity of 99.9%. The ingot was melted and turned several
times to ensure sample homogeneity. The weight losses dur-
ing melting were negligible. The sample was powdered for
the various experiments. Neutron powder diffraction, muon
spin relaxation (uSR), and high energy inelastic neutron
scattering measurements were carried out at the ISIS pulsed
neutron and muon facility. The neutron diffraction study was
carried out using the GEM diffractometer in order to deter-
mine the structure of CelnPt,. The sample was filled into a
cylindrical vanadium can, which gives a low coherent Bragg
scattering. The data were analyzed with the GSAS program
using all histograms of the six GEM detector banks. The
low-field and low temperature susceptibility (below 2 K)
measurements were performed using a homebuilt super con-
ducting quantum interference device (SQUID) susceptometer
at Durham University'* (in an applied field of 10 u7), and
high temperature (2-300 K) susceptibility measurements
were carried out using a Quantum Design SQUID MPMS
XL system (in an applied field of 10 mT). The heat capacity
data were taken from Ref. 9, and the experimental details are
given therein. The wSR experiments were carried out using
the uSR spectrometer in longitudinal geometry. At the ISIS
facility, a pulse of muons is produced every 20 ms and has a
full width at half maximum of ~70 ns. These muons are
implanted into the sample and decay with a half-life of
2.2 us into a positron, which is emitted preferentially in the
direction of the muon spin axis. These positrons are detected
and time stamped in the detectors which are positioned be-
fore (F) and after (B) the sample. The positron counts Ny 5(1)
have the functional form

N p(t) =NF,B(0)6XP(— TL)D + G4(1)], (1)

where G.(t) is the longitudinal relaxation function. G,(¢) is
determined using

Ng(1) — aNg(1)

G0 = Ni(1) + aNg(1)’

2)
where « is a calibration constant which was determined at
4 K by applying a small transverse field (~20 G) and adjust-
ing its value until the resulting damped cosine signal was
oscillating around zero. This calibration constant takes into
account detector efficiency and the absorption of positrons in
the sample and surrounding equipment. The powdered
sample was mounted onto a 99.995(+)% pure silver plate
and was mixed with GE varnish in order to improve the
thermal contact. This formed a thin disk which was 30 mm
in diameter and 1 mm thick. Any muons stopped in silver
gives a time independent background. The sample holder and
sample were mounted onto a TBT dilution fridge with a tem-
perature range of 45 mK to 4 K. The sample was then cooled
down to base temperature in zero field (ZFC) and the uSR
spectra were collected, firstly, upon warming the sample
while still in zero field and, secondly, after ZFC and warming
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FIG. 1. (Color online) Rietveld fitted neutron diffraction pattern
of CelnPty at 300 K. The vertical tick marks indicate the calculated
peak positions, and the lower graph shows the difference plot.

in a longitudinal field of 50 G. The inelastic neutron scatter-
ing measurements were carried out on the HET time of flight
spectrometer at ISIS with an incident energy of 60 meV and
at 13 K.

III. NEUTRON DIFFRACTION STUDY

Figure 1 shows a neutron diffraction pattern collected at
300 K on one of the six GEM detector banks.

The structure of CelnPt, can be derived from the cubic
AuBes-type structure by replacing Au by Ce and selectively
replacing two Be sites 4¢ and 16e by In and Pt atoms, re-
spectively. This gives the ordered version of the
MgCuSny-type structure for CelnPt, (see Fig. 2) compared
with the disordered version of the AuBes-type structure in
which one can assume statistical disorder between Pt and In

FIG. 2. (Color online) The crystal structure of CelnPty. The
yellow atoms are Ce (large atoms), the blue atoms are In (small
dark atoms), and the red atoms are Pt (small lighter atoms).
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TABLE 1. Refined parameters for CelnPt, at 300 K using the
ordered model. The lattice parameter, a, is 7.6129(6) A. The R,,
factor is 7.5%.

100U,

x y z Occupancy (A?)
Ce 0.0 0.0 0.0 1.0 (fixed) 0.58(1)
In 0.25 0.25 0.25 0.97(3) 3.43(14)
Pt 0.625 0.625 0.625 0.90(1) 0.83(1)

occupancy on both crystallographic sites. To check the de-
gree of ordering of In and Pt on two Be sites, Rietveld re-

finements were carried out using space group F43m (No.
216) in which In and Pt occupy crystallographic inequivalent

sites. It is to be noted that even though the F43m space group
has a possibility of ordered and disordered structures, there
are no extra superlattice reflections present due to ordering.
Ce is considered to occupy the crystallographic 4a (0, 0, 0)
site, whereas for an ordered model, In and Pt atoms occupy
exclusively the 4c¢ (i,}-‘,i) and the 16¢ (x,x,x) sites, respec-
tively.

Refinements allowing In and Pt on both sites (disordered
model) rely on the scattering contrast of the elements, which
is given by the neutron scattering lengths of In (b=4.065-
0.0539; fm) and Pt (b=9.6 fm). The analysis shows that the
sample is of nearly single phase, with an unknown impurity
which is less than 1%. For the analysis of the ordered struc-
ture model, we varied the lattice parameter, positional pa-
rameters for Pt, thermal parameters, and absorption param-
eters while keeping the site occupancies fixed, giving a good
fit with a weighted profile R value of R,,=7.6%. In the sec-
ond stage of the analysis, we varied the site occupancy of In
and Pt while leaving the Ce fixed at full occupancy. This
marginally improved the fit with R,,=7.5%, yielding In and
Pt occupancies of approximately 1.0 and 0.9, respectively
(see Table I). It should be noted that the fits were not signifi-
cantly improved when exchange of In on the Pt site and Pt
on the In site was permitted, yielding a small degree of dis-
order of about 7% In on the Pt site and vice versa, Pt on the
In site (R,,=7.5%) Refined crystallographic parameters for
the ordered model are given in Table I. It is interesting to
note that the thermal parameter of In on 4c sites is almost an
order of magnitude larger than the thermal parameter of Ce
on the 4a site and Pt on 16e site. A similarly large value of
the thermal parameter has been observed for rare earth atoms
in the skutterudite’s compound R7,Sb;,,'> which has been
attributed to the rattling modes of the rare earth atoms in a
large void space available in the cubic structure of these
compounds. It is interesting to compare the crystal structure
results for CelnPt, and rattling modes in Mn substituted hex-
agonal CeNis, giving an ordered CeMnNi, alloy, also crys-
tallizing in the MgCuSn,-type structure.'*> A similarly or-
dered cubic structure has also been observed in the UPdCuy,
compound, which has attracted considerable interest in the
field of non-Fermi-liquid studies.'® Furthermore, it has been
shown that the MgCuSn,-type CeMnNi, is peculiar in that
the Mn ions are enclosed in a large cage. Interestingly, the
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FIG. 3. (Color online) The upper graph shows the squared tem-
perature dependence of C/7, the middle graph shows the
logarithmic-linear relation of C/T at low temperatures, and the
lower graph shows the log-log behavior for CelnPt,.

low frequency rattling phonon modes have been theoretically
predicted to occur in this compound.12 Thus, we attribute the
observed high value of the thermal parameter of the In atom
in CelnPt,, occupying the same site as Mn in CeMnNiy, to
rattling modes of the In atoms. If the x value of the Pt atoms
comes close to a special position (5/8 5/8 5/8), then the
lengths of Ce-Pt and In-Pt bonds become close. Our analysis
gives interatomic distances of 3.1561(5) A for Ce-Pt and
3.1562(5) A for In-Pt, which are in agreement with the re-
fined value of the x(Pt) parameter.

IV. HEAT CAPACITY AND MAGNETIC SUSCEPTIBILITY

Figure 3 (top) shows the heat capacity (C) measurements,
from Ref. 9 plotted as C/T vs T2. We have replotted these
data as C/T vs log(T) in Fig. 3 (middle). It is clear that at
low temperature (7), the heat capacity exhibits a logarithmic
rise. This behavior of the heat capacity is very similar to that
observed in non-Fermi-liquid systems, such as CeRhBi,!’
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CeNigGe,,'® and CeRh,_,Pd,.'"” When the data are plotted as
log(C/T) vs log T [Fig. 3 (bottom)], the power law behavior
of the form T~!*€ fits over the entire temperature range with
a €=0.04. A similar power law behavior in the heat capacity
of Ce,_,Th,RhSb has been reported, (with €=0.45), which
also exhibits non-Fermi-liquid behavior.! This behavior of
the heat capacity of Ce,_,Th,RhSb has been attributed to the
disordered induced Griffiths cluster model. However, for
CelnPt,, € is small compared to that for Ce;_, Th RhSb. This
difference of € along with the ordered crystal structure sug-
gests that the disorder is playing a minor role in CelnPt,. It is
worth noting that the value of y obtained from plotting C/T
vs T? is 2.5 J/mole K> when extrapolated to 7=0.

Our present analysis indicates that the high value of y of
CelnPt, is due to NFL behavior arising due to the close prox-
imity of a T=0 quantum critical point. It is interesting to note
that the parent compound CePts, which crystallized in the
hexagonal CaCus-type structure, orders antiferromagneti-
cally with Ty=1 K, with a v value of 30 mJ/mole K? at
0.2 K.?° In CeTPt, where T=Ga or Al, which have the same
crystal structure as CePts, a weakening of the magnetic in-
teractions has been observed.?!?> This supports our conjec-
ture that magnetic ordering temperature of CelnPt, has been
suppressed to T— 0 K, which results in the enhancement of
v. Furthermore, according to single-ion Kondo theory, the
Kondo temperature (T) is related to the maximum value of
v by the relation Tx=0.68R/y, where R is the gas constant.
This gives Tx=2.2 K when using y=2.5 J/mole K*> for
CelnPt,. Again, the estimated low value of Ty is in agree-
ment with non-Fermi-liquid behavior close to a quantum
critical point. At a local quantum critical point, one expects
that both Ty and T approach 0 K.23-26

In order to further understand the ground state properties
of CelnPt,, we have measured the temperature dependence
of the susceptibility, and the results are plotted in Fig. 4. For
temperatures between 10 and 1.5 K, the magnetic suscepti-
bility exhibits a logarithmic behavior. On reducing the tem-
perature still further, the susceptibility is found to be weakly
temperature dependent. These susceptibility results along
with the heat capacity data of CelnPt, show some similarity
to that observed in CeNigGe,, in which heat capacity exhibits
a logarithmic rise, but susceptibility is almost constant at low
temperatures.'® This behavior has been attributed to an un-
usual non-Fermi-liquid behavior in CeNigGe,. Further, the
high temperature susceptibility of CelnPt, exhibits Curie-
Weiss behavior between 300 and 100 K with an effective
moment of 2.54 u; and paramagnetic Curie temperature 6,
=-225 K [see Fig. 4 (bottom)]. The high value of 6, indi-
cates the presence of strong Kondo-type interactions and also
a high value of the Kondo temperature Tg. Considering the
single-ion Kondo model, yoc1/T%, this means that a high
value of Tg will give a low value of vy, which is not the case
for CelnPt,. This supports the idea that the high value of y
for CelnPt, is due to this system exhibiting NFL behavior
close to a quantum critical point. The origin of the high value
of 6, could be due to the crystal field and Kondo effect
coming from the excited crystal field levels. For all the
RInCuy compounds, the negative 6, is significantly larger
than the Néel temperature, indicating the presence of
frustration.'® The frustration parameter f, which is defined as
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FIG. 4. (Color online) Temperature dependence of the magnetic
susceptibility of CelnPt,. The upper graph shows the high tempera-
ture Curie-Weiss behavior on a linear scale, whereas the middle
graph shows the log-log temperature dependence of the magnetic
susceptibility, which shows the weak temperature dependence at
low temperatures and the linear behavior in the susceptibility,
~aT#, with a=0.018 and B=0.5. The lower graph shows inverse
susceptibility

f=6,/Ty, in general rarely exceeds 10. In the case of
RInCuy, the f value is 11.8 for Dy, 14.3 for Ho, and 12.6 for
Er, and therefore, it has been concluded that frustration af-
fects substantially the magnetic properties of these materials
and also that 6, and Ty obey de Gennes scaling.'® This indi-
cates that the observed frustration is a single-ion effect. As
CelnPt, and RInCuy are isostructural, there is a possibility
that a contribution to 6, in CelnPt, may also come from the
frustration effect as seen in RCulny.

It is interesting to note that most of the heavy fermion
systems exhibit a Wilson ratio of (R=218.7x,/ ngff, Xo 18 in
units of 1073 emu/mol and 7y in mJ/mol K?) about 2,
whereas CelnPt, has a Wilson ratio=0.64, using .
=1.29 up, y=2.5J/mol K, and y,=12.1X 1073 emu/mol.
The Wilson ratio has been shown to be 2 for a spin-1/2
Kondo system.?’ The value of R shows that the Kondo effect
prevents the high temperature moment (from Curie-Weiss)
undergoing long range order at low temperatures. The trend
in R suggests that the systems vary from magnetic (R
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FIG. 5. (Color online) The uSR spectra from CelnPt, collected
at 0.1 K (O), 0.5 K (A), and 4.0 K (V) in zero field. The lines are
a least-squares fit to the data using Eq. (3).

=0.8-2.1) to nonmagnetic (R=0.56-0.75) to superconduct-
ing (R<<0.52). This suggests that CeInPt, should be nonmag-
netic as indeed is the case.”®

V. MUON SPIN RELAXATION MEASUREMENTS

The zero field uSR spectra were fitted using a static
Gaussian Kubo-Toyabe function multiplied by an exponen-
tial decay with constant background A g4,

2
GZ(I) =A0|:% + %(1 - O’2t2)exp(— o;—t)}exp(— )\t) +Abckgrd’

3)

where A is the initial asymmetry, o is the nuclear contribu-
tion, and A is the electronic relaxation rate. The static Gauss-
ian Kubo-Toyabe function results from a Gaussian distribu-
tion of local magnetic fields at the muon site which arise
from the nuclear spins.?’ The exponential decay, exp(=\1), is
the magnetic contribution which results from the dynamic
magnetic fields which arise from the fluctuating atomic
spins. The multiplicative nature of the nuclear and magnetic
contributions is only valid if these processes are independent.
For CelnPt,, this is clearly the case. Typical zero field uSR
spectra obtained from CelnPt, are shown in Fig. 5, together
with a least-squares fit to the data using Eq. (3).

The nuclear contribution to Eq. (3) gives direct informa-
tion on the muon site, while the magnetic contribution gives
information on the spin dynamics of CelnPt,. In some sys-
tems, it is possible to decouple the nuclear contribution from
the electronic contribution by applying a small longitudinal
field. This is the case for CelnPt, where the application of a
5 mT longitudinal field is enough to decouple the nuclear
component (see Fig. 6). Once the nuclear component has
been decoupled, the spectra are best described by

Gz(t) =AO exp(— )\t) +Abckgrd' (4)
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FIG. 6. (Color online) uSR spectra from CelnPt, collected at
4 K in zero field (V) and with a longitudinal field of 5 mT (OJ). The
lines are the least-squares fit to the data using Eqs. (3) and (4) for
the zero field and the applied field data, respectively.

However, if the applied longitudinal field is increased still
further, then it is possible to decouple the electronic mo-
ments. Using this information, we can obtain the internal
field width at the muon site and the correlation time. We
shall now discuss all these contributions in turn.

A. Nuclear contribution and the determination
of the muon site in CeInPt,

The nuclear contribution in Eq. (3) is the Gaussian Kubo-
Toyabe function. In deriving the Kubo-Toyabe function, it is
assumed that the muons are stationary (i.e., no hopping
within the lattice) and that the three orthogonal components
of the magnetic field have a Gaussian distribution centered
around zero with a width A.?° The nuclear depolarization rate
o is related to A by

=747, (5)

where vy, is the gyromagnetic ratio of the muon
(=13.55 kHz/G). Figure 5 shows the zero field data for a
range of temperatures. The fits to the data show that A, o,
and Ay ,,q are temperature independent and that the nuclear
depolarization rate o is 0.147 us~'. The lack of temperature
dependence in o indicates that the muons are static within
the lattice at temperatures below 4 K. Using finite element
analysis, o has been determined over a 4 X4 X 4 unit cell, in
order to reduce end effects, using the relation
1+ \&
S )2 % ©
T

i=1

1 8 /.Loﬁ 2
2=t 1-(— ) 1.3
oD\ e \ M ST

where [ is the nuclear spin and v, is the gyromagnetic ratio
of the nucleus. When this calculation is performed for
CelnPt,, the most probable muon site in the unit cell is found
to be at (%,%,i) and equivalent sites (see Fig. 7). This site is

a large interstitial void within the unit cell.
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Contour Plot

FIG. 7. (Color online) A contour plot of the muon depolarization
rate for x=0.5 plane. The proposed muon sites are at (%%,3‘1) and
equivalent sites.

B. Spin dynamics in CelnPt,

The muon spin relaxation function generally takes the
form of an exponential decay as given in Eq. (4) for a system
of noninteracting electronic spins, characterized by a unique
spin relaxation rate. The exponential decay of the atomic
muon spin relaxation corresponds to a simple exponential
form of the time dependent autocorrelation function at the
muon site. Moreover, the single exponential behavior shows
that there is no evidence of any magnetic frustration. The A\
is the electronic contribution to the relaxation rate and is
related to the second moment of the atomic magnetic field
distribution (B)? and the correlation time 7, by the relation

\=Y.AB)T.. (7)

The temperature dependence of the magnetic depolarization
rate will, therefore, vary as the internal field and the correla-
tion time of the spin fluctuations change. Moreover, it has

been shown AN is related directly to the local
susceptibility,>133 y, ,
GkgpTxy,
N=—7r"7, 8
T (8)
where x; is defined as
1
Xi= 52 X(@), ©)
Ny

G is the hyperfine coupling constant, and I" is the linewidth.
In general, this results in A diverging as the temperature is
reduced.

As previously mentioned, all the zero field uSR spectra
are well described by Eq. (3) with A, o, N, and A, as
free parameters. The coefficients Ay, o, and A, are found
to be temperature independent and, therefore, the contribu-
tion from the atomic fields is extremely motionally nar-
rowed. We have not observed any oscillations or reduction in
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FIG. 8. (Color online) The temperature dependence of the elec-
tronic contribution \ of the muon depolarization (blue < ). The red
L] display the Arrhenius behavior of N\, and the line is a least-
squares fit of Eq. (10) to the data.

the value of A, as a function of temperature, which shows
that no static magnetic order is present down to the lowest
temperature. Indeed, the only parameter that shows a tem-
perature dependence is \ (see Fig. 8), which diverges as T
— 0 K. Further, over the entire temperature range of the
measurements, the temperature dependence of N is shown to
be of an Arrhenius-like behavior (see Fig. 8), i.e., follows the
form

E
DV exp(— k_;‘>’ (10)

where E, is an activation energy and k is the Boltzmann
constant. This shows that the spin dynamics within CelnPt,
is a thermally activated process with E,=2.9 mK. Therefore,
there are low energy spin fluctuations present in CelnPt,.

Applying a longitudinal field which is large enough to
decouple the electronic moments can yield information on
the internal field width at the muon site and on the correla-
tion time. Figure 9 shows the field dependence of N at
45 mK, which reveals that N decreases slowly with increas-
ing field. This field effect on \ is well described by the
conventional formula3!

2A%v
=, (11
1+ (y,B,ulv 2
where A%/ *yi is the variance of the components of the field
distribution at the muon site, v is spin fluctuation rate, and
B, is the applied magnetic field. The fit to the data gives
v=270(30) MHz and A=6.1(3) us™'; hence, A/y,~71 mT.
Using these values and taking into account the position of
the muon, we find that Ce ions are likely to have a reduced
moment of =0.25 up in CelnPt,. This shows that Kondo
screening is considerably reducing the 4f moment on the Ce

10N.
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FIG. 9. (Color online) Field dependence of the electronic relax-
ation rate A for CelnPt, at 45 mK. The line is a least-squares fit of
Eq. (11) to the data.

VI. INELASTIC NEUTRON SCATTERING

Figure 10 shows the observed scattering from the low
angle bank (red-filled down triangles) at 19°, at a distance of
2.5 m, and estimated phonon contribution scaled from the
high angle bank at 135°, at a distance of 4 m, at 13 K (blue-
filled up triangles). Extra magnetic scattering centered at
25 meV at low angle is clearly visible, which is attributed to
the crystal field excitation of the Ce>* ion on a site with cubic
point symmetry.3* The cubic point symmetry of the Ce ions
in CelnPt, gives only one independent crystal field parameter
in the crystal field Hamiltonian,

1.0 T T T T T T T T T T
Y
0.8 —‘J 4
2 o6 |- $ J .
]
§ [ | ;
= 04} Iy va = -
2 v
e I}!! |
0.2 l l s A _ -
L =3\ &= - = 4
4 LI uﬁv HE B
i 2
0.0 . 1 . 1 . %I . LA \l AVFH [
0 10 20 30 40 50
Energy Transfer (meV)

FIG. 10. (Color online) INS spectra from CelnPt, at 13 K. The
red V symbols show the total INS scattering (both magnetic and
phonon); the blue A symbols show the estimated phonons from the
high angle bank. The solid line is a fit to the phonon scattering
using a Lorentzian function. The arrow indicates the region of ad-
ditional magnetic scattering which exhibits a crystal field excitation
at ~25 meV.
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Hep=BY(0S +505), (12)

where Bg is the crystal field parameter and O are the
Stevens operators.® Under the cubic crystal field potential,
the J=5/2 multiplet of the Ce®* ions splits into a doublet
(T';) and a quartet (I'g), with energy eigenvalues of —240B)
and 12032, respectively, which gives one inelastic excitation.
Thus, inelastic neutron scattering is a direct method of esti-
mating the crystal field (CF) parameter from the measured
position of the inelastic excitation, ACF:36OB2. However,
from the peak position only, it is not possible to determine
the sign of Bg, i.e., to decide whether the crystal field ground
state is a doublet I'; or a quartet I'g. In order to determine the
ground state, one needs to compare the observed intensities
of the quasielastic and inelastic peaks and also their tempera-
ture dependences with those calculated on the basis of the
crystal field model.’® The present data give a value of Bg
=0.069 meV, but it was not possible to conclude on the na-
ture of the ground state of the Ce ion in CelnPt, from the
inelastic neutron scattering (INS) data alone. To check the
ground state of CelnPt, and the sign of Bg (+ sign indicates
I'; as a ground state and — sign indicates I'y as a ground
state), we calculated the susceptibility for both I'; and Iy as
the ground states. Our present calculations clearly show that
the ground state is a doublet, which is in agreement with the
previous study.’ It is interesting to note that despite CelnPt,
having a crystallographically ordered structure, the linewidth
of crystal field excitation is very large >10 meV. The origin
of the large width can be attributed to the hybridization be-
tween the 4f and the conduction electrons. Furthermore, it is
interesting to note that the phonon scattering observed in Fig.
10 reveals a clear peak at 5 meV. This low energy phonon
peak is attributed to a rattling mode of the In atoms. This has
also been observed in other systems.?’

VII. CONCLUSIONS

Our neutron diffraction study shows that CelnPt, crystal-

lizes into a F43m-type structure. There is no evidence for a
deviation from complete order of In and Pt on crystallo-
graphic 4¢ and 16e sites. The In atoms exhibit a large atomic
displacement parameter, which is attributed to a rattling
mode which is confirmed by the observation of a 5 meV
phonon peak in our inelastic neutron scattering. The heat
capacity shows a remarkable high value of the electronic
specific heat coefficient (2.5 J/mol K?) and does not show
any evidence of magnetic order. The logarithmic temperature
dependence of C/T indicates that CelnPt, exhibits non-
Fermi-liquid behavior close to a T=0 quantum critical point.
MSR measurements show no evidence of any magnetic frus-
tration or indeed magnetic order for 7>40 mK, but rather
the presence of low energy spin fluctuations that suppress
any magnetic order, which is responsible for the high y
value. The inelastic neutron scattering results together with
the magnetization measurements reveal that the crystal field
ground state of the Ce’* is a I'; doublet. Further, the ob-
served large width of the crystal field excitation, along with a
large reduction in the estimated moment from the SR mea-
surements, suggests the presence of strong hybridization be-

174439-7



HILLIER et al.

tween the Ce 4f electrons and the conduction band, which is
consistent with the high value of the Curie-Weiss tempera-
ture (—255 K) observed in the magnetization measurements.
The comparison of residual resistivity and observed normal-
ized muon relaxation rate at the lowest temperature®® of
CelnPt, suggests that the disorder is playing minor role in
CelnPt, compared with that in UCu; sPd; 5 and much smaller
compared with UCuyPd. One cannot avoid that some role is
played by the disorder in the origin of NFL of CelnPt,, but
the low value of Tx=2 K suggests that the physics is domi-

PHYSICAL REVIEW B 76, 174439 (2007)

nated by the 7=0 K quantum fluctuations as supported
through the temperature dependence of the heat capacity and
the low energy spin fluctuations observed in our uSR study.
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